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PREFACE 

Thb present volume is the " Third Part " in order of a com- 
prehensive treatise on Zoology, which has been for some time 
in preparation under my editorship. In this treatise each 
of the larger groups of the Animal Kingdom is to be described 
by a separate author; whilst, as far as possible, uniformity 
in method and scope of treatment is aimed at The authors 
are, for the most part, graduates ^f the University of Oxford, 
though it may not be possible to maintain this limitation in 
future sections of the work. 

The general aim of the treatise is to give a systematic 
exposition of the characters of the classes and orders of the 
Animal Kingdom, with a citation in due place of the families 
and chief genera included in the groups discussed. The work 
is addressed to the serious student of Zoology. To a large 
extent the illustrations are original. A main purpose of the 
Editor has been that the work shall be an independent and 
trustworthy presentation, by means of the systematic survey,, 
or taxonomic method, of the main facts and conclusions of 
Zoology, or, to speak more precisely, of Animal Morphography. 

The treatise will be completed in ten parts of the size of 
the present one. It will at once be apparent that this 
limitation necessitates brevity in treatment which, however, 
will not, it is believed, be found inconsistent with the fulfil- 
ment of the scope proposed or with the utility of the work 



Digitized by VjOOQIC 



vi PREFACE 

to students. The immediate publication of the following 
parts may be expected : — 

Part I. Introduction and the Protozoa. 

Part II. (General Discussion of the Metazoa — ^The Pori* 
fera — The Hydromedusae — The Scypho- 
medusae — ^The Anthozoa — ^The Ctenophora. 

Part III. The Echinodertna (the present volume). 

Part IV. The Mesozoa — The Platyheknia — The Nemer- 
tini 

These parts will be issued, without reference to logical 
sequence, as soon as they are ready for the press. In accord- 
ance with this procedure, which to some extent evades the 
injustice of making an author, whose work is finished, wait 
for publication until other more tardy writers have completed 
their tasks, the present volume, which is Part III., is the first 
to make its appearanca 

The following authors have undertaken portions of the 
work: — Professor Poulton, F.RS., M.A.Oxon. ; Professor 
Wddon, F.RS., M.A.Oxon.; Professor Benham, D.Sc., M.A. 
Oxon.'; Mr. G. C. Bourne, M.A.Oxon.; Mr. G. H. Fowler, 
M.A. Oxon. ; Professor Minchin, M.A. Oxon. ; Mr. F. A. Bather, 
M.A. Oxon. ; Professor J. W. Gregory, D.Sc ; and Mr. E S. 
Goodrich, M.A. Oxon. 

R RAT LANKESTER 

February 1900. 
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CHAPTER VIIL 

THE ECHINODERMA.^ 

PH7LUM ECHINODEBMA. 

GRADE A. PELMATOZOA. 
Class I. Cystidea. 

„ II. BlASTOIDEA. 
„ III. CllINOIDEA. 

„ IV-. Edhioasteroidea. 

GRADE B. ELEUTHEROZOA, 

Class I. Holothurioidea. 
„ II. Stelleroidea. 

„ III. ECHINOIDEA. 

Ctonenl Features. — ^This is one of the best characterised and 
most distinct Phyla of the Animal Kingdom. Nearly all the living 
animals included in it, such as the sea-urchin (Echinoid), starfish 
(Asteroid), brittle-star (Ophiuroid), sea-cucumber (Holothurian), 
sea-lily (stalked Crinoid), or feather-star (free Crinoid), can readily 
be distinguished through their possession of a radial symmetry, in 
which the number five is dominant, of a sub-epidermic skeleton com- 
posed of calcium carbonate, with a characteristic micro-structure 
resembling trellis-work, and of a system of sacs, canals, and tubes 
that carry water through the body, especially by means of five 
radial canals from which small bninches cMqA podia are given off to 
the exterior. The extinct forms known as Blastoidea and Edrio- 
asteroidea appear to have had a similar organisation ; and the same 
statement maybe made of most of the Cystidea, another extinct class. 

It is true that there are recent forms in which the quinqueradial 
symmetry or pentamerism is obscure ; but, on the whole, it is so 
marked a feature that the early zoologists, and notably Cuvier, 
placed the Echinoderma together with the Coeleutera in a sub- 

* By F. A. RitluT, M.A. 

I 
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2 ECHINODERMA— GENERAL DESCRIPTION 

kingdom Badiata. The presence of a gut distinct from the body- 
cavity (codam) is alone enough to mark the superiority of Echino- 
derm organisation, as was first insisted on by Leuckart. The 
resemblance of certain Holothurians to the Qephyrea is but super- 
ficial and secondary ; the above-mentioned characters form sufficient 
distinction. 

Examples of tlia OlaMes. — ^Within the Echinoderma is great 
diversity of organisation. Between the worm-like, semi-gelatinous 
Holothurian, Synapta, living in the mud of the shore, and the 
stalked Pentacrinus of the depths of the sea, or the brittle-star of 
the rock-pools, there might well seem an impassable barrier. 
Taking typical examples of the various classes, let us note the 
more obvious differences. In an ordinary Holothurian (e.g. Holo- 
ikuria^ CWumana, Fig. lY. 4, p. 231) the body is cucumber-shaped, 
with a mouth at one end and an anus at the other ; round the 
mouth is a ring-canal of the water-vascular system, and from it 
are given off five radial canals, running below the surface of the 
flexible integument and sending podia to the exterior ; two of the 
avenues (ambulacra) of podia run along that surface of the body 
which is away from the ground and may be called '' dorsal " ; the 
" ventral " surface, containing the other three ambulacra, is often 
flattened to form a kind of walking sole. A Holothurian has no 
arms or projecting rays, but its mouth is surrounded by a circlet 
of tentacles, often branched, retractile at will, and serving to collect 
food. A Regukr Sea-urchin (e.g. Echinus, Cidaris, Figs. YII., XYII. 
pp. 290, 303) resembles a Holothurian in being without projecting 
rays; but it is more spherical in shape, with a rigid test^ and 
moves with its mouth towards the sea-floor, and with its anus at 
the opposite pole of the body. In a Heart-urchin (e.g. SpatanffuSy 
Fig. XLY. p. 324), which moves through and swallows mud anjd 
sand, the body has become obliquely elongate, i,e. with the long axis 
at an angle of 36^ to the position it occupies in a Holothurian ; the 
mouth has moved a little forward, and the anus* has moved down 
from the top of the body to its lower surface, so that both mouth 
and anus lie on the under surface, at either end of the long axis. 
In Echinoids, the radial water-vessels are beneath the test (" hypo- 
thecal ") and stretch from the oral to the anal pole. In a Starfish 
the mouth is in the centre of the under surface, while the anus is 
almost in the centre of the upper surface, but is absent in a few 
forms ; the body, encased in a yielding theca, is either markedly 
pentagonal in outline or star-shaped ; in the latter case a central 
" disc " may be distinguished from the " arms." The number of 
arms varies from five (e.g.-^s<ma«ru6eTM,Figs.I.,rV. pp. 240,242) to 
over forty (e.g. Ediaster). The radial water-vessels, one to each arm, 
lie in a groove on the oral surface (" epithecal ") and are fringed 
by podia, which do not pass on to die aboral surface at all. An 
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ECHINODERMA-'GENERAL DESCRIPTION 3 

Ophiuroid (Fig. XIII. p. 261) resembles a starfish in which there is a 
sharp distinction between arms and disc; the mouth is on the 
under surface, but there is no anus. Whereas the arms of a star- 
fish are merely extensions of the body, containing the generative 
glands and processes from the stomach, those of an Ophiuroid con- 
tain only blood-vessels, water-vessels, and nerves, and,, being 
themselves used as locomotor organs, have a stout internal skeleton 
of separate ossicles, worked on one another by well -developed 
muscles, but have less developed podia ; they are nearly always 
five, and unbranched except in Astrophytidae (Fig. XXXII. p. 277). 
As is explained on p. 238, however, no sharp line can be drawn 
between Asteroid and Ophiuroid structure. A Crinoid (Fig. III. 
p. 98) differs markedly from all the forms just mentioned, in that 
the mouth faces upwards, or away from the sea-floor ; the anus 
is also on the upper surface. This position is connected with the 
fixed habit of the Crinoids, which are attached temporarily or 
permanently to the sea- floor by their aboral surface, usually 
through a jointed stem. This fixed state of existence is corre- 
lated with the development of a jointed process ("arm" or 
hroMwaC) from each radius of the rigid theca. The arms are 
often forked many times ; they contain extensions of the nervous, 
blood-vascular, water-vascular, and generative systems, and have a 
ventral groove lined with cilia which sweep currents of water to the 
mouth. The Blastoids (Fig. lY. p. 82) may be roughly described 
as Crinoids without brachia, but with food-grooves on the oral 
surface of the theca, fringed with jointed skeletal processes 
((rac&to2a). The Cystidea, like the Crinoids, are fixed, with mouth 
and anus on the upper surface ; the relations of their food-grooves 
and water-canals vary greatly ; in some of the older ones (Fig. II. 
p. 44) radial symmetry does not seem to have affected even these 
organs, still less, therefore, any other organs of the body. The 
Sdrioasteroidea (Fig. VI. p. 209) are sessile, with upwardly directed 
mouth and anus, with five food-grooves radiating from the mouth, 
sometimes on to the aboral surface, as in Echinoids, and apparently 
with hypothecal water-canals, also as in Echinoids, at any rate 
with some portions of the water-vessels penetrating the test along 
the ambulacra. 

nylogeny and Ontofsny. — ^The combined evidence of com- 
parative anatomy, embryology, and palaeontology indicates that 
the Echinoderma owe most of their obvious characters, such as 
radiate symmetry, the ambulacra, and the coil of the gut, to their 
having passed through a " pelmatozoic " stage, t.«. a stage in which 
the animal was attached by a part of its body wall, in which the 
mouth, and to a less extent the other apertures, faced upwards, 
while there was a tendency to the radiate (pentamerous) exten- 
sion of food-grooves with accompanying organs (see Chapter IX., 
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4 ECHINODERMA— GENERAL DESCRIPTION 

" Pelmatozoa "). Setting aside these characters, the origin of which 
may be traced in individual development, and selecting those 
common to the early stages of all Echinoderms, zoologists have im- 
agined a phylogenetic 
stage, the two-sided or 
Dipleurula stage (Fig. 
I.), more or less re- 
peated in the Dipleurvla 
larvae of recent Echino- 
derms (Fig. n.). The 
animal was marine. Its 

DIi«r»mni»Uc recon»trnction of the imagined i)f|rf<«ntte long axis waS antcro- 

aacMtor. Anterior end on left of drawing ; organs of left rmaf prinr anrl narallAl 

aide toward* obierver, and with etronger outline than those P«8l'«rior ana parallel 

of right aide. For description and lettering, see adjoining tO the SCa- floor. The 

mouth (0) was anterior 
and ventral ; the anus (As) posterior or poster© -ventral. The 
two were joined by an uncoiled gut, perhaps with a stomachal 
enlargement in the middle. On either side of this lay the coelom, 
formed by constriction from the larval stomach or archenteron, in 
other words, an ** enterocoel " ; it was divided into a right and left 
anterior portion (a.c), and a right and left posterior portion {r.p.e 
and Lp,c), Each anterior vesicle was connected with the exterior 
by a canal, opening at a dorsal pore (M) on each side the median 
line, sometimes, perhaps, fusing into one. These canals were in- 
directly connected (s.c) with posterior offshoots from the anterior 
coelom, the right and left hydrocoels {r,hc and l.hc). Gonads 
developed from the coelomic endothelium. The ectodermal 
epithelium was probably ciliated, and a portion of it in the '^ pre- 
oral lobe" (p.l) was differentiated as a sense organ, with longer 
cilia and underlying nerve-centre (n), from which two gangliated 



^S 



3 




Fig. II. 



DipUumla Urvae seen firom right side (partly after Langi 1, PImUum of Echinoid; 
% Aurieularia of Holothnrlan ; 8, Bipinnaria of Asteroid ; 4, Tomaria of Bnteropneustan ; 
0, mouth ; At, anas ; «, spicule ; np^ neural plate with cilia. The strong black lines repre- 
sent ciliated bands ; the shaded areas show the course of the gut. 

nerves ran back below the ventral surface. In the mesoblastic 
connective tissue, derived by the migration of cells, there was a 
tendency to the secretion of crystalline calcium carbonate. Except 
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for the latter character, the Dipleunda agrees in essentials with 
the larva of Enteropneusta, which was described by Job. Miiller 
(1850) as an Echinoderm larva, under the name Torhu \> 
(Fig. II. 4). 

The simplest larval form among recent Echinoderms, that of 
the Holothurians, known as Auricxdaria (Fig. II. 2, and Fig. III.), 
differs from the Diplevrula in being bent upon its ventral surface, 
BO that the mouth lies in the middle of the concavity so formed, 
while in front of it is a '^ preoral lobe,'' and behind it is a similar 
prominence, in the middle of which, on the ventral surface, is the 
anus ; the cilia are restricted to a band immediately surrounding 
the mouth, and a band that 
passes in front of the mouth, 
then round the edge of the 
ventral concavity, and across 
in front of the anus. In 
subsequent development the 
ciliated ring becomes very 
sinuous, and when the Auri- 
cularin assumes a barrel 
shape, before changing into 
the Holothurian, the ring 
atrophies in sixteen places, 
and the separate pieces unite 
in such a way as to form 
five rings like hoops round 
the barrel. In this stage the 
mouth has again passed up 
to the anterior pole, and the 
anus down to the posterior. 
This form is called the Pupa 
(Fig. I. 8, p. 219). 

The only free larval form 
that is known among Pel- 
matozoa is that of the highly 
specialised free-moving Crinoid, Antedan. It resembles the Holo- 
thurian Pupa in general shape (Fig. IV.), and in the possession of 
five ciliated bands (cc), probably derived in a similar manner; 
but since the early stages have been pressed out of the develop- 
ment, this cannot be considered proven. Here, moreover, there 
remains a ventral concavity, through which the definitive mouth 
breaks (0) ; there is no anus at this stage. Anteriorly is a tuft 
of long cilia. 

Most Asteroidea have a larva known as Bipinnaria (Fig. II. 
3, and Fig. VI. 10), which passes through an Auricula/ria stage. 
By a meeting of the sinuosities of the ciliated ring anteriorly, 



Fmi. III. 

A nricMlaria of Synuntn^ th« rontiml Mirfkce mm! 
lea Nkle IhcinK Ura obmrver («ftrr SeiiionX 0, 
iQuoth ; oe, oaiopha(Ciui : «r, »toiii«cli ; r, rectum : 
kp, hjrdvopore; ke, bvdroooel; r mmI Ijk, right 
•Ml Ml poitMtor coeloin ; m, ntnroui Uuid ; tft, 
■pleale in Ibrm of wheel ; e, dilated baudfl, viz. 
—1, prooiml ; % adonl ; 8, eircunionl ; and 4, 
anal. x25. 
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6 ECHINODERMA—GENERAL DESCRIPTION 

there is formed a preoral ring which separates from the rest. 
The ventral depression runs up on either side the preoral area, 
and eventually surrounds it and its ciliated ring. In the region 
of the ciliated rings the body stretches out pro- 
cesses, which are symmetrically paired, except the 
frontal process, which bears the preoral ring. In 
some species this process splits into three branches 
and the cilia disappear; such a form is called 
Brachiolaria. 

A still further development is the FUU&us 
larva (Fig. II. 1, and Pig. V.) of Ophiuroids 
and Echinoids, characterised by the decrease of 
the preoral area and the increase of the anal area ; 
Fio. IV. paired processes extend forward, and an unpaired 

Larva of Anudon proccss stretches backward from the posterior end 
SS*'^^^ "^prowS ^^ *^® •'^^^ ^^^ > ^^^^ processes are usually very 
lobe (PX.X uppemoat. long and Supported by spicules, but movable. 
^ ^' Two, arising from the posterior and lateral region 

of the ciliated ring, are pronounced in Ophiuroids but absent in 
Echinoids. 

The development of the larval form 
from the ovum is effected in much the 
same way in all known Echinoderma 
(Fig. VI.). The segmentation of the 
ovum is total and quite or almost equal 
(Fig. VI. 2). A coeloblastula is formed 
with a segmentation cavity, and with a 
wall of a single cell -layer, thicker in 
one region (Fig. VI. 3). This region 
is invaginated, forming the archenteron 
of a gastrula (Fig. VI. 4). At about 
the same time the thickened region, 
now the end wall of the archenteron, 
proliferates endoderm cells, some of ^^ ^ 

which wander into the segmentation w^^eia of a Heart-nrehin, ftom 
cavity, where they may be joined by a ventna tide (after Langx o,moath\ 
lesser number from other parts of the 

gastrula wall (ectoderm), and so form mesenchyme, from which 
mesoderm tissue is ultimately developed (Fig. VI. 5). The 
archenteron occupies but a small part of the segmentation cavity, 
its lumen is usually narrow, and the external opening forms a 
small blastopore, which in Antedon soon closes. Both endoderm 
and ectoderm are usually ciliated from the beginning ; but in 
Antedon cilia appear only on the ectoderm after gastrulation. 

The larva becomes bilaterally symmetrical by dorso-ventral 
compression and the formation of a ventral concavity. The inner. 
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id. anterior, end of the archenteron becomes conBtncted off from 
the rest of the archenteron to form the " coelom " (Fig. VI. 6). 
The ooelom sends backward a process on each side in the dorsal 
region; the hinder parts of these become constricted off as a 
" right and left posterior coelom," which almost meet posteriorly ; 
the remainder forms the "anterior coelom" (Fig. VI. 7). At the 



10 





9 11 

Pin. VT. 



Karly Rtagw of Behinoderm ontogeny. 1, 8, 8, the Echinold £ck<iioeyaii»iM (after ThtelX 

4, 6, flC the Crinoid ^nteioift (nfter Beeliger). 7, 8, 11, the Arteroid AiAnrvML (after 
MacBrideX (after Bury). 10 (after O. W. Field). 1, ovum in mncilaginoos coat ; yitelline 
membnuie (v) beginning to eepaimte ; «, apemiAtoaoa, one of which is entering the yolk (xlSOX 

5, eegmenting ovum seen fh>m above. 2 hrt. SO inin. after fertilisation. 8, blastula in 
kwgitodinal section, 18 hrs. after fertiliaation. e, dlia ; se, segmentation cavity (x200). 4, 
gastrala, in section, 10 hrs.; oe, archenteron ; bp, bUstopore ( x 78)i 6, the same, 96 hrs., with 
mesenchyme (su) developing ftom endoderm. Letters as before (x88). 0, 48 hra., with 
blastopore closed, and archenteron constricted intooo anterior, mesenteron, and ee posterior 
entaroooel (x88). 7, longitudinal section showing extension of right and left posterior 
ooelons (rpe, Zpe) fhmi anterior coelom around larval stomach («(X (xOO). 8, ftirther stsge^ 
showing ryt and Ipe separated firom oe, and lobes of the rudimentary left hydroooel (Ac), ( x 00)i 
0. dorsiu view of a ftpimiaria. oc, oesophagus ; \p^ hydropore ; «, " blood-vascular space." 
BotT, perbans rudiment of right hydroooeL Other letters as before (x50). 10, BMmmmia 
of AderioM, four davs old. oe, ciliated band ; m, mesenchymatous muscle fibres (x78). 11. 
diagram showing relations of stone canal (<ee) and pore canal (pe) to left hydrocoel (lAe) and 
anterior ooelom lac), 

hinder end of the anterior coelom, on both the right and left side, 
there is a small outgrowth, the '^ right and left hydrocoel " (Fig. 
YI. 8) ; that on the left is, as it happens, much more developed, 
but the presence of a right hydrocoel has been proved by Metsch- 
nikoff (1869) and MacBride (1896), (y in Fig. YI. 9). Near 
the median dorsal line, above the hinder end of the anterior 
coelom, a perforation arises in a thickening of the ectoderm. 
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forming the "hydropore'' and the ''pore canal"; while, in no connec- 
tion with this, a groove arises along the hinder wall of the anterior 
coelom, and develops into a canal connecting the left hydrocoel 
with the anterior coelom, and called ''stone canal," because its homo- 
logue in recent adult Echinoderms develops spicules in its walls 
(Fig. YI. 11). MacBride (1896) has observed larvae of Aderina 
gibbosa^ in which there were a hydropore and stone canal on the 
right, and some in which both right and left pores were present. 
The latter arrangement occurs also temporarily in the Bipinnaria 
of AsterioB (Field, 1892, Fig. YI. 10), and is that which we suppose 
to have obtained in the Dipl&wrula, 

On the ventral side, at the anterior end of the body, a mouth 
is produced by invagination, and leads into the remaining part of 
the archenteron, which becomes modified into a larval stomach and 
a short rectum curved ventralwards and opening at the blastopore. 
The part of the larva in front of the mouth is called " the preoral 
lobe,'' and a portion of it becomes a sense organ, usually ciliated, 
with a development of nerve tissue (Fig. YI. 9, 10 ; Fig. I.). 

It must not be supposed that a Dipleurtda larva of this simple 
type actually exists. In each class it presents some modification, 
the outward appearances of which have already been described. 
Moreover, the internal structures vary in the order of their 
development and in persistence. Enough is common to the 
various types to show that the DipUunda larva is no phantasm, and 
to suggest very strongly that it represents an ancestral DipUurvia 
stage, differing but slightly if at all from the ancestral Tamaria, 
and being one of the lowest of all animals with a coelom. The 
hydrocoels and their indirect exterior openings have been compared, 
perhaps not very judiciously, with the excretory nephridia of 
higher Goelomata. The possible connection of Tamaria with the 
ancestral Chordata gives additional interest to the resemblance 
between stereom formation and bone formation (see p. 29), and 
to the invagination of a primitively superficial nervous system in 
the two groups. 

Between adult Echinoderms and other groups of the Animal 
Kingdom no comparisons are possible. From this stage onward 
the Echinoderm follows a path of its own. By a remarkable 
metamorphosis, varying in its details but presenting some common 
features in the different classes, the almost bilaterally symmetric 
larva is transformed into the almost radially symmetric adult. 
This metamorphosis undoubtedly represents the changes that took 
place in the early history of the classes ; and the extraordinary 
difficulties of interpretation are due to the enormous compression 
of that history, the elimination in some cases of unnecessary 
stages, and the unequal acceleration of others. The clue is offered 
by the older fossils, which, as explained under Cystidea, forcibly 
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suggest that all Echinoderma are descended from sessile ancestors 
(necessarily representing a stage subsequent to the Dipleurula), and 
that the oldest among these had not acquired radial symmetry, that 
being, it would appear, a consequence of fixation. Fixation was 
retained more or less completely by Cystidea, Blastoidea, Crinoidea, 
and Edrioasteroidea ; but among the other classes it is only the 
Stelleroidea that now preserve traces of it in their ontogeny. 

The passage from the IHplewnda to the fixed stage is best 
studied in AnUdon (Bury, 1888; and Seeliger, 1893); but even 
here changes that, in phylogeny, must have succeeded fixation 
now precede it, and actually precede the free-swimming stage of the 
larva. Fixation takes place by a modified portion of the preoral 
lobe (p.l), as also in Stelleroidea. 
The phylogenetic result of this was 
the passage of the mouth (0) to 
the posterior end of the Dipleurda, 
which was now directed upwards 
(Fig. Vn.). With the mouth went 
the hydrocoel. The attachment ap- 
pears to have been towards the right 
side, for thus only can we account for 
the fact that the structures on the 
left of the Dipletmda increased at the 
expense of those on the right. It 
was therefore the left hydrocoel (Lhc) 
and stone canal (sx) that moved 
upwards with the mouth, while those fio. vii. 

nn fV»« inahf e\\an.nru^rtkA Thfl Diagrammatic reconstruction of the 

on tne ngni aisappearea. ine i„uigiSed prImiUve Pelmatoroic anoea- 

nervous structures of the anterior tor. compare carefully wiui Fig. i. 

. > 1 .1 '11 ami with aqjoining text. 

end remamed there or, possibly, 

atrophied. The forward portion of the anterior coelom (ax) shared 
in the construction and elongation of this region ; but its hinder 
portion was dragged up along with the hydropore (M) and formed 
the " parietal canal " (par), so called because it lies along the outer 
wall of the larva. The left posterior coelom (l.px) of the Dipleurula 
was caught in between the oesophagus and the stomach, and so 
passed upwards, towards what we may now call the oral pole of 
the fixed stage ; while the right posterior coelom (r,px) was pushed 
downwards by the stomach pressing to the right and thus came 
to lie nearer the aboral pole. The blastopore is early closed in 
the ontogeny of ArUedan, but we infer from the position of the 
larval rectum that in phylogeny the anus (As) did not move 
upwards so rapidly as the mouth. The effect of these changes 
was a torsion of all the structures in the upper part of the 
body. The gut was throlm not into a simple loop, but into a 
dextral coil. The pressure of the oesophagus against the hydrocoel 
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not merely pulled it up, but pressed it into a horseshoe eunre, 
with the opening directed to the anal side. The left posterior 
coelom was curved in like manner. The further elongation of the 
fixed aboral end involved lobes of the right posterior coelom 
and initiated their downward extension, first on the right side of 
the anterior coelom, then gradually curving round it. This torsion 
and shifting of internal organs may be compared with the simpler 
case of streptoneurous (Gastropoda. 

Careful study of the two diagrams, representing the DipUwnda 
(Fig. I.), and the primitive Pelmatozoan or fixed stage (Fig. VII.), 



Fio. VII r. 

Seetloni of AnUdon larva, semi-diagFaminatic (1*4 after Seeliger, xSSX (6, 6 after Burr). 
1, longitndinal section with preoral lobe turned downwardu, the reverse of Fig. IV. ; the anterior 
coelom extends into this, as well as upwards into the parietal canal. 8, transverse section in 
the neighbourhood of the hydropore, showing the parietal canal leading to it ; two lobes of the 
hydrocoel and the lower end of the stomach are seen to be at the same level as right posterior 
coelom and lower end of vestibule. S, part of a longitudinal section in the same direction as 
Fig. 1, but passing throuffh the hydropore and the Ave primitive lobes of the hydrocoel not 
yet connected therewith ; oetween the two is a small extension of left posterior coelom ; adjoining 
sections show that the hvdrocoel is still horseshoe-ehaped, but will eventually dose along the 
gap between lobes 1 and 6 to fonn the hydrocircns. 4, transverse section at a slightly more 
orad level than in S, and in an older larva; the vestibule is here closed over: note the 
mesenteries between right and left posterior ooeloms. 5, transverse section of an older larva, 
in which the vestibule has passed right up to the oral pole, and a rectum (r) has formed ; 
between this and the stomach is seen the rudiment of the axial organ ; the parietal canal 
remains, but the stone canal now opens into it (xlS6). 0, median longitudinal section, the 
vestibule still open, oolnmnals forming aronnd extensions of right posterior and anterior 
ooeloms ; left posterior coelom is seen above the stomach as a lobe of the hydrocoel (xl20). 

Explanation of letters— ae, anterior coelom ; ac, axial organ ; oe, elllated bands ; eoL 
columnals ; ke, hydrocoel ; Lpc, left posterior ooelom ; nn^ nerves ; v, hydropore ; por, parietal 
canal ; r, rectum ; r.pe, right posterior ooelom ; d, stomach ; «(.e, stone canal ; v, vestibule. 

will enable the student to appreciate tne peculiar position of the 
internal structures in the AfUedon larva, of which a few sections 
are here given for comparison (Fig. Vlll.). The structure is far 
more complicated than in Fig. VII., owing to extensions from 
the coelomic cavities. In the earlier sections the hydrocoel is still 
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on the aboral side of the right posterior coelom ; indeed, the mouth 
itself is not at the future oral pole, for the larval mouth closed 
early, and the place where it was became arched over by lips 
of ectoderm, which formed a *' vestibule " (v). This vestibule it 
is that graduaUy moves up; a fresh mouth ultimately breaks 
through into it^ and the lips again unfold at the new oral pole. 
The connection of the anterior coelom, through the parietal canal 
and the hydropore, with the exterior, persists (cf. Fig. Yin. 1 and 
3) ; the hydrocoel opens into the parietal canal by the stone 
canal at a later period (Fig. VIII. 5). 

There is reason to believe that some of the early Cystidea 
(Amphoridea^ p. 43) had an internal structure scarcely more 
advanced than Fig. YII. But the fixed stage had further effects. 
The most notable was the prolongation of ciliated and tentacu- 
liferous grooves from the mouth, accompanied by processes from 
the hydrocoel. At first there were three such radial extensions : 
anterior, right, and left^ since the 
presence of anus and hydropore, and 
the absence of hydrocoel on the posterior 
side prevented extensions in that direc- 
tion (Fig. IX.). The five rays, so char- 
acteristic of Echinoderma, were produced 
by the forking of the right and left 
rays. It was only at a later date, when 
the hydrocoel had grown into a ring 
round the oesophagus, that the five rays 
could proceed equally from this ring. 
The division of the rays into a pair 
enclosing anus and madreporite, and 
known as the hivwm^ and the three 
others (anterior, right ant. and left 
ant.), known as the Mvium^ is opposed 
to this fundamental structure. It must 
further be noted that this bilateral 

symmetry of the rays has nothing to do with the bilateral nature 
of the Diplewnda. 

While these changes were in progress the formation of stereom 
continued At first there were only spicules deposited in the 
mesenchyme (see Fig. IL 1, and Fig. III.). These enlarged and 
fused into plates, which eventually became so large as to abut 
on one another. These plates were arranged in the mesoderm 
beneath the ectoderm. An account of their arrangement and 
structure will be found under Amphoridea (p. 46). Through 
the fixation below and the radiation of the hydrocoel and food- 
grooves above, these plates gradually came to lie in definite 
positions and to assume a definite number,' shape, and size. The 




Pio. IX. 

Tlie pentanieriim of Kehlno- 
denna oontraNtod with a regular 

KDtamerism. 0, mouth ; At^ anus ; 
tween tham la tha inadraporita. 
1, 2, S, 4, ft are the raya of an 
{magtnary perfect pentamerlam, of 
which 1 and 5 are the hivitim, 8, 
S. 4, the (ritnniii. 1, li, iii, Iv« v are 
tae Ave raya of a Palmatoioan. 
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ontogeny of ArUedon Buggests their diyiflion into two groups 
(Fig. X.): one formed around the upper, oral coelom {Lpc^ 
i.e. the left posterior coelom of the Di- 
pleur%da)y which gradually encircled the 
I. oesophagus; the other around the lower, 

aboral, or apical coelom (r.pc, i.e. the right 
posterior coelom of the DipleuruU). The 
^ former set were affected by radiate sym- 
r.p metry before the others, and in Antedon 

larva are represented by five large platai^ 
the " orals " (0). The latter set form the 
plates of the aboral side of the adult 
Echinoderm. In a Pelmatozoan they fonn 
the dorsal cup {B and IB) and the oeiicles 
of the stem {col) when that organ is pre- 
sent. 

We have now traced the history of 

the Echinoderma up to a form fixed 

P'o- ^ aborally, and with rays, normally five in 

u^'^X^^^^-,% number, proceeding from the mouth and 

hydropoiPB ; ^, fixing i»iate Of underlying the hydrocoel ring or hydro- 

■torn, *< dorao • central' : for . "^ mt • i i i / , 

other letun, 866 adjoining t«xt. circus. These rays involved other of the 
^ ^' internal organs, notably portions of the 

oral and aboral coelom, and accompanying them was a develop- 
ment of epithelial nerves and a circumoral nerve ring. The 
dividing wall between the right and left posterior coeloms, the 
dorsal mesentery of the Dipleurula, now lies horizontally or 
transverse to the long axis. A new vertical mesentery, both 
above and below, is formed by the tissue separating the in- 
curved ends of the oral and apical coeloms respectively. On 
the inner walls of these coeloms, adjoining this mesentery, is a 
thickening of the endothelium {ax in Fig. VIII. 5), to form event- 
ually a strand passing up to the main axis through the coil of the 
gut, and known as the '' axial cord." This, in the adult, originates 
the gonads, which seem at first to have been expelled through an 
aperture in the body wall between mouth and anus, as seen in 
Holothurians and some Cystidea. Subsequently this becomes 
involved in the radiate symmetry. 

The phylogenetic stage thus reconstructed on the evidence of 
embryology and palaeontology corresponds on the whole to the 
stage imagined by Semon (1888), and named by him Pentadaa 
(five-rayed). The question arises : How far does this represent the 
ancestor of all Echinoderms t There can be no doubt that this 
actually was a stage in the history of the fixed Echinoderms 
(Pelmatozoa) ; that it was also a stage in that of the free Echino- 
derms (Eleutherozoa), is coming more and more to be the opinion 
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of soologists. The development of Asterina indicates the possible 
relation between those two groups. Here MacBride (1896) has 
shown that the larva is early attached by the preoral lobe, and 
that it bends over on this so as to bring the mouth downwards. 
The internal structures do not^ however, undergo that complete 
translation and torsion which occur in the Crinoid. Traces of it 
are seen in the greater development of the left hydrocoel and left 
posterior coelom. Fig. XL attempts to show what would happen 
in the case of a primitive PerUadaa that bent over in this way ; 
while the mouth passed down, the anus and hydropore would tend 
to remain on the upper surface, where they could best fulfil their 
functions. In the present ontogeny of the Asteroid, the develop- 
ment is direct from the DipUuruUi to this stage, the intermediate 
steps imagined for the phylogeny being omitted as unnecessary. 




Fia XI. 

Change from PentaeUta to Stellrroid type. 0, moath ; Ai^ anas ; ilf, inadreporite ; r.p.r. 
and Lp.Cj right and left poeterior coelom ; l.he, left hydrocoel ; «.c, atone canal ; ji, preoral 
lobe ; ox, axial aiuua, reroaina of anterior coeloui. 

But to those phylogenetic steps are due the peculiar positions 
assumed by the left hydrocoel and left posterior coelom, as well 
as the radial folding which they undergo. Study of Fig. XI. 
will elucidate the complicated internal arrangement of the develop- 
ing Aslerina. Further flexure causes the ends of the curved 
hydrocoel to grow around the stalk, which thus deceptively appears 
to spring from the oral surface, not from the aboral as in Crinoids. 
Subsequently the stalk atrophies, and the young starfish is a free- 
moving form, with mouth on the sea-floor, with anus and madre- 
porite directed upwards, and with the beginnings of five arms 
containing extensions of the left hydrocoel, of the oral coelom 
(derived from 1. post, coelom), and of the stomach (Fig. XII.). 
During development the larval mouth and anus are closed, and 
break through again in their adult positions; this points to a 
migration of those openings during phylogeny, which migration 
cannot well be repeated in ontogeny. 

A vast amount of discussion has taken place over the question 
whether the plates of the Crinoid calyx find homologues in other 
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Echinoderma. The orals on the one side are suppoeed by some 
{e.g. LoY^n, P. H. Carpenter, Sladen) to be represented by some- 
what similarly situated plates in Stelleroidea ('* buccal shields " of 
Ophiuroids, '' odontophores " of Asteroids), and by a circumoral 
calcareous ring in Holothurians. The plates of the dorsal cup 
have been homologised with plates very similar in shape and 
arrangement that are often to be observed in Stelleroidea, notably 
on the aboral side of the compact body of Ophiuroids, and with two 
circlets of plates at the aboral pole of Echinoids. It has been 
supposed that all Echinoderma primitively possessed a definite 
calycinal system, thus composed : a central aboral plate (" dorso- 
central"), five plates surrounding this (^'basals," '' genitals'' of 
Echinoids), five plates following on these and alternating with 
them ("radials," "terminals'' of Asteroids, "oculars " of Echinoids) ; 
these together formed the " apical system," and to them was some- 
times added a circlet below, and alternating with, the basals (" infra- 
basals ") : five orals, alternated with the radials, and to these P. 
H. Carpenter once added an " oro-central," the correlative of the 
dorso-central. The oro-central is a discredited myth. The dorso- 
central is a plate at the distal end of the Crinoid stem, i.e. in the 
preoral lobe (Jp in Fig. X.) ; there is no proof that it ever formed 
part of an apical system, and it cannot be considered either homo- 
genetic or homoplastic with the aboral central plate sometimes seen 
in Stelleroidea. As for the basals and radials 
of the Crinoid, they are, as stated above, 
formed around the right posterior coelom ; 
this also is the position of their supposed 
homologues in Aderina (Fig. XII.), and 
MacBride's argument that their relations 
to the stem are different, does not seem 
fatal to the above theory. What is fatal 
is the conclusion to which the evidence of 
Fro. XII. fossils forces us — that the free Echinoderms, 

Donai, i«. »bona, view of ^^ ^^^7 *rose from stalked forms at all, 
t^^iUSiS^i^^^^ indubitably did so ages before a calycinal 
lobe (p.o now on oral side; System had been evolved. Even among 
b^ll^ta;;^',^^^ stalked forms it appears that regukr apical 

S2S*%r2id »Tc*ta thJ systems arose independently in different 
m«£S^to?"°*M"*^* ^' ^^^^ ^^ descent. lif, however, it be im- 
^ ^ * possible to regard the apical systems of 

Echinoidea and Stelleroidea as homogenetic with that of Crinoidea, 
there can be no objection to the statement that similar plates are 
developed in a similar position with regard to the fundamental 
anatomy, imder the influence of somewhat similar causes. 

The Asteroids were probably the last group to branch off from 
the fixed Echinoderms. Hence it is that they retain many features 
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of the PemkuioBa^ together with epithelial nerves on the floor of 
the arm-grooves, as in Pelmatozoa. The Ophiuroids are, ^as 
explained under Stelleroidea^ scarcely to be distinguished from 
Asteroids. Whether they branched off at an earlier date or no is 
uncertain; at any rate, they have progressed farther from the 
Pemiadaia type, in so far as the radial nerves have sunk below 
the surface and are covered by " epineural canals," which probably 
represent closed food-grooves (Fig. XIII. 1 and 2). 




Fro. XIII. 

Beetioiis across ambulacra of—l, Asteroid ; S, Ophinrold ; 8, Echinoid ; 4, Holothorlan. 
ambt ambulacral oasiclo ; amp, ampalla ; b, radial blood-vessel ; cm^ circular muscles ; da^ 
Tentoml scute ; e, radial epineural canal; <m, longitudinal muscles ; Z.«, lateral scute ; m, muscles ; 
%t ndial D«nre of snperflcial oral system ; r2, radial nerves of deeper oral system ; p, podium ; 
jM, pteudhaemal canal ; v.o, vertebral ossicle ; w, radial canal of the water-vascular system. 

The development of Echinoidea has been studied by J. Miiller 
(1852), Agassiz (1864), Metschnikoff (1869), Bury (1889), and 
many others. The results are summarised by Th^el in his admir- 
able account of the development of Echinaeyamus pisillus (1892). 
Up to the stage corresponding to the DipUurvla no important 
divergences are manifest. The peculiarities of the ensuing meta- 
morphosis appear due to the extreme development of a free- 
swimming PUUeus (Fig. XIY.). At an early stage there is an 
invagination (cm) of the ectoderm on the left side between the 
bases of the ventral and dorsal posterior processes of the Pluteus. 
The inner end of this sac grows towards the left hydrocoel, 
while its opening nearly or quite closes (Fig. XV. 1). The five 
primitive lobes of the hydrocoel grow up into the floor of this 
sac (Fig. XY. 2), which thus serves as a kind of amnion in which 
the young sea-urchin is formed (Fig. XY. 3), until the size of the 
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Pio. XIV. 

VlvUvM of JEeMnocyamu«(after Thtel). 
About 76 timet nat. siae. 

BxpIanatloD of lattan to Flgt. 
XIV. and XV.— a.c, anterior coelom ; 
cuii, anterior doml arm; ons am- 
niotio invagination; a.v, anterior 
ventral arm ; Ac, hvdrocoel ; \\t^ 
hydropore ; Lp.e, left poaterior 
coelom ; 0, mouth ; oe, oeeophague ; 
p, podia ; pti, posterior donal arm ; 
J7.V, poeterior vential arm; r.p.e, 
right posterior coelom ; «, apinei of 
Bchinoid ; «p, apiculei of P/itteiu ; 
wff^ the name being absorbed; «t, 
stomach. 



1 2 5 

Fio. XV. 

Development of iEehinoeyamia (after ThtelX 1, portion of a Ptttteus rather more developed 
than in Fig. XIV. ; the ectodennic invagination has grown in towards the left coelom, which Im 
now separating into a posterior portion and a hydrocoel. 2, portion of a Pluteu* about twelve 
davs old, showing the lobes of the hydrocoel growing into the amnion. 8, the same consider- 
ably more advanced ; spines begin to develop and the amnion is connected with the exterior. 
4, a PltUeus forty-flve days old, with spines and podia of the young urchin protruding Arom the 
amnion. 5, the young urchin, bearing on its oack the remains of the Plvieu* spicules and 
integument (xlOO). 
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growing tube feet and spines causes it to break through the outer 
wall (Fig. XY. 4). While this takes place the spicular skeleton of 
the Fluieus is absorbed, and the body of the Fluteus shrinks up to 
a sac on the aboral side of the young Echinoid (Fig. XY. 5). The 
hydropore from the first opens on the dorsal surface, which becomes 
the aboral side. The right posterior coelom is also under here, 
as in Stelleroids. The larval stomach becomes that of the adult, 
but a fresh mouth is formed in the centre of the hydrocircus, 
while the anus is a fresh formation at the aboral pole. 

It is easy to understand that, with this amniotic development 
in the body of the larva, most of the traces of the Peniadixa 
stage have disappeared. There is, however, evidence of a preoral 
lobe, while the coil of the intestine and the radiate structure of 
bhe hydrocoel, nerves, and gonads, bear witness to antecedent 
phylogenetic changes. On those changes light is thrown by 
palaeontology, which teaches us that the primitive Echinoid had a 
spheroidal body, with muscular, flexible walls, in which irregular 
plates were developed ; the mouth was at the centre of the lower 
surface ; the anus on the upper surface, and near it the madre- 
porite (the successor of the hydropore). Combining with the 
dvidence from fossils that from comparative anatomy, we infer 
that the gut had a simple deztral coil ; that the oesophagus was 
surrounded by three rings — water-vascular, blood-vascular, and 
nervous; and that from each ring five branches passed up the 
inside of the body wall to the aboral pole ; that branches from the 
radial water-vessels passed, between the plates in the body wall^ 
to the exterior, and became suckers assisting locomotion, the 
complete structures being ambulacra ; that gonads were five, 
unpaired, and interradially disposed in the body cavity. Such a 
form had lost the stem of the Pentadaa^ and had never possessed 
an apical system of plates. It had, however, already developed 
food-grooves, with nerves and ambulacral vessels, while there must 
have been some radiate arrangement of the gonads. The sinking of 
the nerves and closure of the food-grooves forming epineural canals 
(Fig. Xni. 3) probably took place as we suppose it to have done 
in Ophiuroids. Among Pelmatozoa, the Edrioasteroidea (p. 205) 
present a structure removed from that of the primitive Echinoid 
in little but the upward position of the mouth and (probably) the 
madreporite, and the functional food-gi'ooves; the notable point about 
the latter is the presence of openings between the flooring-plates, 
apparently for the passage of processes from the radial water-vessels. 

The peculiarities in the structure and development of the 
Holothurians may perhaps be ascribed to their having in many 
respects regressed fromi the Pelmatozoic towards the Diplev/nda 
type (Fig. XYL). Thus the mouth has again come to lie at one 
end of the body, while the anus is at the other. With the mouth 
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has gone the genital pore ; and the madreporite, though uncon- 
nected with the ex- 
terior in the adult of 
most now living, must 
have moved towards 
this end also. But 
' there is an important 
. difference between this 
and the Dipleurula in 
the coil of the gut, and 
^'°- ^v'- the vastly altered rela- 

DlaKraiiimatic reconstraction of tho iin«sin«d primitive f :^ma ^r xUa ^^wkl^miy* 

Holothurlaii type, for comperiron with Figs. I., VII., aud wons 01 ine COeiOmiC 

XI. 0, mouth ; A», anas ; Af, hydropore ; Ihc, lea hydro- caviticS with their iu- 
coel ; 9, genital opening. 

tervening mesenteries. 
The arrangement indicates that the mouth, hydrocoel, madre- 
porite, and associated organs of a Pentadcea gradually moved 
anteriorly away from the anus, thus coming nearer to the 
stem (preoral lobe of larva) and lengthening tho gut by another 
half-coil. When the fixed existence was given up and the 
food -grooves closed in, leaving the extemfd podia from the 
water-vessels, then the rays were able to extend equally in all 
directions from mouth to anus. The anterior ray and the two 
adjoining rays had thus cpme to be on that side of the elongate 
body which was directed towards the sea-floor, and to this they 
clung, or on it they crawled, by suckers 
which developed on the podia, which 
thus became " tube-feet.'' The left and 
right posterior rays ran along the upper 
surface of the body, forming the bivium 
of the Holothurian, homologous with the 
bivium of the Pelmatozoa, as shown by 
the position of the hydropore. 

The view has been held that the 
Synaptidae, with their simple structure 
and straight antero-posterior gut, repre- 
sent the simplest and most ancestral 
Echinoderms. But if the above account 
be correct, this simplicity is only ap- ^lo- xvii. 

parent, and is the result of regressive ^^::;^^'::^JrJ!^,:^ 

changes. Such is the view that now porite ;ifc stone canal ;«<,8tomach; 

finds general favour. The PerUadula ^ci?Sep«nd?^S^iiy?rocireaa; 
stage (Fig. XVn.), in the development S^LrlpiciSS.^rS?'' ''' '^' 
of Synapta^ with five interradial circum- 

oral tentacles, slightly curved gut, and aboral anus, is therefore 
not the modern ontogenetic representative of the phylogenetic 
PentadcBa, as Semon supposed. 
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Further, if our present theory be correct, we must suppose that 
the larval history of the Holothurians has been exceedingly com- 
pressed ; so tha^ to take but one point, the development of the 
straight larval gut into the coiled gut of the adult takes place, not 
by migration of the mouth and associated organs, but by lengthen- 
ing and twisting of the gut itself. It is noteworthy that the two 
lateral radii of the trivium with their nerves and muscles and tube- 
feet, as well as the oral tentacles to which they eventually give rise, 
develop much more slowly than the three other radii. Those are 
the three radii which are assumed in the above account to be 
homologous with the original three radii of the primitive Pel- 
matozoan (cf. Fig. IX.). 

It therefore appears that the Holothurian stock branched off 
from the Pelmatozoa before complete pentamerous symmetry of 
the hydrocoel and associated organs had arisen, before any definite 
calycinal system had developed, while the gonads were still a 
simple strand opening to the exterior by a single posterior gono- 
pore. The diminution of the skeletal elements did not favour 
their preservation as fossils. Their spicules indeed are found in 
the rocks from at least the Carboniferous downward, but if we 
except the problematic SphaerUes^ Quenstedt (1852, non Dufts), no 
fossil Holothurian is known. The class was perhaps an early 
offshoot from the Edrioasteroidea. This theory explains how it is 
that the Holothurians are primitive in so many characters, although 
the most specialised in others; they are primitive as regards 
Pelmatozoic structure, specialised as regards Eleutherozoic. 

Symmetries. — The radial symmetry due to the fixed phylo- 
genetic stage is usually pentamerous. Hexamerous symmetry 
was independently acquired by some Gystidea. Variation from 
pentamerism may arise suddenly (discontinuous meristic variation 
of Bateson), producing hexamerous or tetramerous individuals, or 
species, or genera, according as the sport becomes fixed. There 
may also be a duplication, or further multiplication of radii, as in 
the ten-rayed PromachocrinuSy or an intercalation during growth, as 
in the many-rayed LabidiasUr ; this is a different thing from the 
branching of a radius, such as occurs in Grinoids, Astrophytidae, 
and elsewhere. Again there may be variation by gradual atrophy 
of one or more radii, as in Calceocrinidae, and some heart-urchins 
and Holothurians. In spite of these variations, it is generally 
possible to divide the body of an Echinoderm, by planes passing 
through the ambulacra from the long or main axis, into approximately 
corresponding portions, " antimeres," normally five. These planes 
mark the radii, or better perradii, since the terms ray and radius 
have been used loosely. Organs bisected by them are "perradial" ; 
such are invariably the main ambulacra! vessels, the arms of 
Stelleroidea and brachia of Crinoidea, with their included organs. 
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Half-way between the perradial planes are the planes marking the 
kUerradii. Organs bisected by these are '' interradial " ; such are 
the interambulacral areas of the test, the oral plates of Crinoidea, 
the gonads of Echinoidea. Between the perradii and interradii 
are adradiiy a term little used in practice ; thecal plates adjoin- 
ing the ambulacrals are called '' adambulacral." In a regular 
pentamerous Echinoderm an interradius is opposite to a perradius, 
and an adradius opposite to an adradius. 

All Echinoderms have a bilateral symmetry. Primitively the 
plane of symmetry, the sagittal plane, is determined by the mouth 
(anterior), the anus (posterior), and the hydropore (dorsal). But, 
in the first place, this sagittal plane, when clearly shown, is not 
the same as the sagittal plane of the Dipleunda, In Pelmatozoa 
it certainly is not ; in Holothurians it only approximates to it. 
Secondly, in Echinoidea and some Cystidea, and in such Asteroidea 
as have an anus, the plane passing through the vertical axis and 
the madreporite (M plane) is not the same as that passing through 
the vertical axis and the anus (anal plane). Thirdly, the rela- 
tions of the anal plane to the M plane and to the radii may vary 
even within a single class, e.g. Echinoidea and Cystidea. Conse- 
quently the selection of any one plane as a plane of orientation 
for the different classes is arbitrary. Also it is convenient. We 
take then the M plane and note that the hydropore lies in an in- 
terradius with a radius opposite to it (Fig. XYIIL). That radius we 
denote by A. Then placing the animal with its mouth upwards 
and going round the test in the direction of the watch-hand (t.e. 
dextrally), we denote the other radii in order, B, C, D, E. The 
hydropore lies in interradius CD, In a developing Holothurian, 
or in such Holothurians as retain an external madreporite (Fig. 
XVin. 3), the anus and mouth both lie in the M plane, forming 
the poles of the long axis, while radius A bisects the ventral 
surface ; this therefore is the sagittal plane of bilateral symmetry, 
and Cu^not, 1891, calls it the " Holothurian plane." In a Crinoid 
(Fig. XVlil. 1), anus, mouth, and aboral pole, all lie in the M 
plane, which here also is the sagittal plane ; but the anus, in inter- 
radius CDf never marks the aboral pole of the main axis, though 
it may usurp the place of the mouth at the upper pole. Many 
Cystids, and apparently the Blastoids, have a similar orientation. 
Other Cystids differ in that the anus lies to left or to right of 
the hydropore, while the relation of the radii to the M plane 
is not clearly defined. In Echinocystis (p. 301), which probably 
represents the relations in the primitive Echinoid, the symmetry 
remains as in Pelmatozoa ; while the mouth is at one pole of the 
main axis, the anus lies in or near the M plane, which is therefore 
the sagittal plane, but the madreporite is near to the aboral pole. 
In later Echinoids the case is altered (Fig. XYIII. 4) ; the first step 
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appears to have been the passage of the anus to the aboral pole, 
the madreporite remaining eccentric and marking interradius CD ; 
whether this CD is identical with CD of Echinocystis^ is another 
question ; then the anus moved away from the pole in the direc- 
tion of radius B^ so that the anal plane made an angle of 72'' with 
the M plane. This new plane (interradius DEy radius B) is termed 
by Cu^not the "Echinid plane''; I^v^n (1884) has shown that 
the plates of the five interradii in Echinoidea are disposed sym- 
metrically with reference to this plane. The sagittal plane of many 




Fio. XVIII. 



Planes of symmetry in Bchinoderma (partly after CuinotX 1, Crinoid; 2, 3roid; 
8, Holothorian ; 4, Regular Bchinoid ; 6, Irregular Echinoid. At^ anus ; AT, plane passing 
through madreporite ; Ech^ Echinid plane ; L, Lovto's plane. For other letters, se^ ad^Joining 
text 

Other sea-urchins, notably the heart-urchins and their allies (Fig. 
XYIII. 5), %.e. the plane passing through mouth, anus, and apical 
pole, corresponds with neither the M plane nor the Echinid plane, 
but passes through radius D and interradius AB ; Cu^not calls it 
" Lov^n's plane." The bivium {AB) and trivium ((7, 2>, E) of a 
heart-urchin are therefore in no way identical with those parts in 
a Holothurian, a Crinoid, or a Stelleroid. In those starfish that 
have an anus (Fig. XVIII. 2), that organ, as shown by Ludwig, is 
in interradius BC^ this with the vertical axis marks the " Asterid 
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plane " of Gu^not. It is scarcely worth while to describe yet other 
divergences of the sagittal plane from the M plane, such as occur 
in Gystidea and Blastoidea. All of them are due to the imposi- 
tion of a tertiary bilateral symmetry, obscuring the previously 
existing secondary bilateralism that had already replaced the 
bilateralism of the Dipleurula. 

Cavities and their Oontents. — The cavities into which the 
thecal cavity is divided by the ontogenetic changes above described, 
are : — (1) Gut and appendages, derived from the archenteron, with 
mouth and anus in part produced by invagination. (2) Coelomic 
cavities : (a) the ambulacral system, derived from the left hydro- 
coel ; (b) the main body-cavity derived chiefly from left posterior 
coelom, which in Pelmatozoa, Stelleroidea, and Echinoidea becomes 
mainly adoral ; (c) the aboral body-cavity of Pelmatozoa (with 

columnal extensions), of Stelleroidea, 
and of Echinoidea; (d) the axial 
sinus of the same three classes, 
derived from the anterior coelom, 
running down into the stem in Pel- 
matozoa, indirectly connected with 
the hydrocoel through the stone 
canal, and containing "the axial 
organ" (p. 23); (e) a perioeso- 
phageal sinus, sometimes subdivided, 
is completely or incompletely sepa- 
rated from (ft), especially in Holo- 
thurioidea, Echinoidea, and Ophi- 
uroidea. 

The coelomic cavities are lined 
by pavement endothelium, usually 
ciliated, and sometimes further pro- 
vided with special ciliated or flagel- 
lated organs which keep the con- 
tained fluid in motion {e,g. "urns'* 
of Synaptidae (Fig. V. 4, p. 233) ; 

"ciliated cups" of Crinoid arms, 

(af&7'Gedde>x7y amoeboid coipuii^^ especially pinuulcs ; free flagellate 

with gnnnlM of brown ferruginous pig- f. # wi.' 'j \ mi. ^ *^ • 
ment, perhftps respiratoty. 2, amoebofd cells Of EcbinOldea). The fluld IS 

SdS: TS^mVSS<^^u similar to that found in the lacunar 
;SrJ'.W"^Vh"1S?io.S;7iSj;S^' "Wood-vascular system"; it is sea- 
due to haemoglobin. 4 and 6 trom the water, perhaps taken m throush the 

Holothurian, ThyonsUa fftmmata (after ^^a^^J^'^^^^^4.''^^ „ „™-«Ul^ 

Howell). 4. white corpuacie. 6, oval, madreponte. Containing a variable 

nucleate, bioonTez corpuscle, coloured ommmfc nf AlhiimAn in anliitinn 
red by haemoglobin. All much magnified, amount 01 aiDUmen m SOlUUOn, 

especially In the lacunar system, 
and sometimes slightly yellowish or reddish. In it float various 
bodies, viz. (a) amoebocytes (Fig. XIX. 1, 2, 4) capable of wandering 



m 4 




Oorpttscles of the coelomic fluid, land 
S trom the B«chinoid, Eekinv* tphoira 



Digitized by VjOOQIC 



BCHINODERMA-'GENBRAL DESCRIPTION 23 

through all the tissues, including the skeletal, and containing re- 
fringent granules, proteids, fat, and a yellow pigment called "echino- 
chrome" (MacMunn, 1885) ; they seem to be specialised as bearers 
of reserve food, as calcigenous cells (p. 28), as phagocytes, and 
as bearers to the exterior of waste products often pigmented 
(Durham, 1891, St. Hilaire, 1897) ; (i) red corpuscles with haemo- 
globin (Foettinger, 1880), non-nucleate, but vacuolate or granular 
in water-vessels of Ophiuroids (Fig. XIX. 3), nucleate in various 
coelomic cavities of Holothurians (Howell, 1886; Cu^not, 1891, 
Fig. XIX. 5); the respiratory nature of these is demonstrated by 
their containing haemoglobin. 

Whatever may be the homologies of the hydrocoel, there is, 
physiologically speaking, no nephridial or other excretory system 
in Echinoderma. The function is probably performed by the 
wandering cells just mentioned. 

The Axial dgia has had many functions ascribed to it, as 
shown by its various names : Heart (Tiedemann), Pseudo-heart, 
Central Blood-plexus (Ludwig), Glandular or Chromatogen organ 
(Hamann), Lymph Gland, Madreporic Oland (Koehler), Collateral 
or Plastidogen organ (Perrier), Ovoid Gland (Perrier, Cu^not, and 
others). Genital stolon, Plexiform Gland or Dorsal organ (P. H. 
Carpenter), Kidney (P. and F. Sarasin). The Sarasins (1888) 
give a good account of the literature ; later notes of value are by 
Cu^not (1891) and Durham (1891). Generally it is a brownish, 
finely lobed, often pear-shaped body, showing under lowmagnification 
a complicated arrangement of tissue strands (Fig. XX. 1). It does 
not occur in Holothurioidea. In the other classes it is developed 
in the axial sinus by irregular growth of endothelium, which forms 
canal-like strands separated from one another by spaces derived 
from the axial sinus; these latter are therefore primitively 
connected with the water- vessels and madreporite through the 
stone canal. Strands growing out at an early age from the central 
plexus become the gonads, but the connection may be lost in later 
life. In association with the genital strands are also radiating 
"haemal strands," not true blood-vessels, but serving for the 
transmission of nutrient cells. Such cells, as well as pigmented, 
excretory amoebocytes, are found in quantity in and about the 
axial organ. In Pelmatosoa the axial organ, surrounded by the 
axiiil sinus and the lobes of the chambered organ, stretches right 
down the stem (Fig. XX. 2). The position of the axial sinus with 
regard to the gut suggests that nutrient fluid passes by osmosis into 
the axial organ, which thus serves as a kind of distributor, but there 
is no evidence of pulsatile pump^action, i.e. it is no heart. The 
evidence of new cell-formation is too slight to warrant the idea 
that the axial organ is a factory of amoebocytes. There is still room 
for study of this peculiar body, especially through experiment. 
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The Qenital Organs throw light on the axial organ, since it 
exists only in those classes in which the gonads are affected by 
radiate symmetry, and not in the Holothurians. It follows that 
the axial organ was a secondary development. Ontogenetically 
the genital strands bud off from one end of it, where a ring is 



Fig. XX. 

Hie axial organ. 1, loiigitiuiinal Hoction tlirou^li part of the urgaii in the sea-urchin, 
Sphatnchinus yra nularis (Atter Leii>oIdt). x SoO. }fg, m^mcut masses; Uic, peri)i1ieral blootl 
lacunae of the organ ; vx, wandering cells. 2, longitudinal section, sIio>viiig relations of the 
organ to the chftinbere<l organ in young Antedon (after Perrier). cu, cells of axial organ ; /, 
Hbroua membrane, which ijartly envelojies it ; <^), epithelial c«»at continnoiiH with clmmbered 
organ; s, aeptum of chambered organ; h, nerves proceeding from tibrillar envelope of same ; 
c, cirri, one just budding out ; ac, atrophied axial canal of stem, continuous with axial organ. 

formed, and with the extensions of these go also extensions of the 
axial sinus (Fig. XXL). The single gonad of the Holothurioidea, 
connected with the dorsal mesentery, appears therefore to be the 
homologue of the axial sinus and organ rather than of any one of 
the interradial gonads of the other classes. The gonads, therefore. 
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are of endothelial origin. There appears, however, as shown by 
Hamann, to be a migration of the actual sexual cells ; and the 
view of Cu^not that these are primarily amoebocytes derived 
from the axial organ suggests their possible mesodermic nature. 
Compare the migration of sexual cells deiived from the ectoderm 
in Hydroids. The growth and minute structure of the ovum have 
been described by Crety (1894), of the spermatozoon by Field 
(1895); both authors refer to preceding literature. No striking 
l^eculiarity is presented by Echinoderm gonads (cf. Fig. VI. 1). 



1 2 

Via. XXI. 

Diagrams showing relations of pseudhaeinal and water-vnRciilar syHteinH nnd axial organ in 
AtUrias rvhena (after ChadwickX 2 is x 50. uit.K aboral liannial ring ; ox, axial organ ; ax.v, 
axial perihaemai canal ; &m, buccal membrane ; g, genital strands ; gh^ absorljent liueiital strands 
leculing ftt>m the gut-wall ; Ar, circumoral haemal ring ; ip, inner perihaemai canal (cf. Fig. 
XXII.); 2, blood lacunae; Af, madreporite ; n, nerve ring; op, outer perihaemai canal; rv, 
radial water-vessel ; rh^ railial haemal strands ; «<, stomach with foldetl wall ; «t.c', stone canal ; 
tor, circumoral i^-ater-ring. 

The sexes are nearly always sejiarate, and fertilisation takes place 
in the water. 

The Haemal Systems of Echinoderma are of two types, which 
may coexist, but of which one usually predominates. Neither is a 
true vascular system, but each consists of a series of smaller lacunae 
(spaces without definite walls) or larger sinuses, sometimes appear- 
ing as closed, but probably always having some communication, 
however minute or indirect, with the other cavities of the body. 
The fluid in these spaces differs from the ordinary coelomic fluid only 
in containing more albumen, and has, likewise, no definite circula- 
tion. The systems are: (a) Psendhaemal, consisting of a ring 
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placed between the ring and radial nerves of the oral syitem 
above, and the ring and canals of the water-system below. This 
system is dominant, perhaps the only one, in Stelleroidea, where 
it communicates with the general body-cavity and the axial sinus ; 
it is present in Echinoidea and Holothurioidea, in which classes it 
is said to be closed ; it is so much reduced in the Crinoidea that 
its existence is denied by some authors. In Asteroidea (Figs. XXL, 
XXII.) the ring is divided into an outer and an inner ring by an 
oblique septum, from each angle of which a vertical septum passes 
down each radial canal. Formerly the system was supposed to 
develop as a cleft in the mesenchyme, and therefore was called the 
" schizocoelic system '' ; MacBride (1896) has shown that in Asterina 
the inner ring is an outgrowth from the axial sinus, while each of 
the five compartments of the outer ring and canals arises separately 
as an outgrowth of the coelom, the outgrowth in the madreporic 
interradius being derived from the anterior coelom, the rest from 

the left posterior coelom. (6) Lacunar, 
present in all classes except perhaps 
Stelleroidea, and developed as lacunae 
or small spaces in the connective tissue, 
and therefore mesodermal (Fig. XXI.). 
It is differentiated into a network in the 
wall of the gut, absorbing therefrom the 
nutrient fluid, which is carried by a 
main trunk on each side of the gut to a 
circumoral ring; from this run radial 
Fio. XXII. canals, below the pseudhaemal canals 

Diagram of the peeudiiaenuii when present, and abovc the water- 

systein of i4«ter<fia (after MacBride). i t-i 'j. • i^ j 'j.\. 

Seen ftom al>ove: M iiiarkg the M VCSSels, WQlle it 18 COnnCCtcd With net- 

Si'^".1i„iV5;l,^ri'r:..rira: ^o^^" on t^e surface of both gonads and 
the one arising from the anterior g^xi^\ organ. The lacunar svstem of the 

coelom; ax, axial sinus, passing ri^i.i •■.«. • % i # 

towards, but not opening Into, the Stelleroidea differs in the absence of an 
h5d^ie!T'S;iiiuAUn*d;.'**''** absorbent network, and is, says CJu^not, 

a derivative of the axial organ, and 
therefore endodermal, i.e, it is only the pseudhaemal system greatly 
extended. 

Bespiratioii takes place through all exposed processes of the 
ambulacral system, and through the body wall where thin enough, 
as in some Holothurians. Specialised outgrowths or foldings of 
the latter are : the " external gills " of Echinoidea, outgrowths of 
the circumoesophageal sinus ; the papulae of Asteroids, containing 
diverticula of the body cavity; the Imrsae of Ophiuroids ; the "pectini- 
rhombs " of some Cystids ; the " hydrospires " of Blastoids and 
some Crinoids. Respiration is also effected by water entering the 
alimentary canal, whether through mouth or anus ; in the latter 
case it is again expelled. Special structures connected herewith 
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are: the "respiratory trees,'* which occur in some Holothurians 
as outgrowths from the cloaca ; the anal tube of Grinoids, which 
in some Palaeosoic forms was large and with folded walls, forming 
the so-called " ventral sac " ; the " accessory intestine ^ of Echinoids, 
a kind of by-pass, permitting water to flow through without 
interfering with the digestive process going on in the main gut. 

Ljmph-glands. — ^The amoebocytes are formed in specialised 
glandular regions of both haemal and ambulacral systems. Of 
die former nature are the radial andpharyngeal vesicles of Regular 
Echinoids, first described by Prouho (1888) ; the greater part of the 

13 




?m?9^i^%^^^. 



3 6 7 8 11 12 14 

Fio. XXIII. 

Echinoderm histology. 1, ftuxUinenUl flbront 8tib0tanc«, with nuclei and an embryonic 
cell, ttota KtkiwuUr Mpotttitt. S, stellate embryonic mesenchyme cells of AtUiriaa gladalU, 
8, gelaUnons connective tissae of SpaianguM jmrpumuix SOOX 4, elastic fibres of connective 
tissue fhnn AMerias glaetalU. 5, fibres Irom stalk of a pedicellaria of same. 0, mnscle-fibre 
of same. 7, mosde^fTbre fh>m a spine attachment of ToaeoptmuUt lividtu(x 200>. 8, muscle- 
fibre fipom Jaw pyramid of same (x S60>. 9, muscle-fibres from gut of SphatncMnui €$euUiUu$ 
(X 175). 10, transverse section throush a muscle>bundle of Atthtnotoma i*r«iu; «, sheath of 
connective ttssne fh>m which proceed septa that limit the smaller divisions. 11, stroma 
continued as fibrils across a suture in spatangut purjmreus, the stereom of the ossicles 
dissolved away. 12, transversely striate muscle -fibres of EckinuM acuttu. 18, dorsal ligament 
of arm of Aniedon ( x 126). 14, interarticular substance of I$oorinu$ atUrltt. 1. 2, 4, 5, (after 
Outoot). 8, 7, 8, (after Hoffmann). 10 (after P. and F. SarasinX 11, 12 (after Hamann). 
18 (after W. B. Garpenter> 14 (after Job. MttUer). 

Stelleroid lacunar system, just mentioned; and the " spongy organ'' 
of Grinoids in the oral ring. Connected with the ambulacral system 
are the '' Polian vesicles '' found in most Echinoderms other than 
Grinoids, and the '' Tiedemann's bodies" of Asteroidea (p. 243). 

The primitive MeBflnchyme cells, derived chiefly by migration 
from the endoderm, partly from the ectoderm, have a large nucleus 
and indistinct, often amoeboid, cytoplasm. From them are developed 
connective and muscular fibres, amoebocytes and calcigenous cells, 
and intercellular, gelatinous, and fibrous substances. Themusde-ilbre 
(Fig. XXIII. 6-9) derived from a single cell is smooth and straight. 
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clearly defined at the ends, with a lateral nucleus. A few striated 
muscle-fibres are known in Echinoidea (Geddes and Beddard, 1881 ; 
Hamann, 1887). A semi-muscular, hyaline tissue of wavy, nucleated 
fibrils is peculiar to Crinoidea, and is called "ligament tissue." 
There are also muscles of endothelial origin. Oonnective tissue 
fibrils are nucleate and vary in length and shape ; there are also 
rounded or stellate cells (Fig. XXIII. 4, 2). Interoellnlar substaace, 
secreted by mesenchyme cells, often attains great thickness in 
the integument ; it may remain a soft jelly, or become tough as 
indiarubber, or may split up into interlacing fibrils; it usually 
contains amoebocytes and ordinary connective tissue cells ; it forms 
also interarticular substance (Fig. XXIII. 14), elastic ligament, 




2 3 4 5 6 

Fia. XXIV. 

Stcreom fonnatioii. 1, frotii tlip hinder jMirtiou of a Phiten* of Echinus miliarit. s, one of 
the large Hupportiiif: ro«ls of the I'lutms ; c, a throe-proiiKwl spicule surrournlpd by a proup of 
caleigenoiis cells, which derive their linte throii^'h a mesh work of pHeiidopodia and cells (a), 
from the rods of the Plutciut and from tlieir broken ends, wliich are seen just below r. 2, 3, 
earliest stagt^s of a, spicule of Echinonrnmut, surrounded by calcigenoua cellti. 4, iuftrabaaal of 
an AtiUdon larva forty-eight hours old ( x 230). 5, regular storeom from the outer part of the 
cup of Jlolopn* (x 50). 6, portion of horizontal section of Holopus cup, showing relation of 
irregular (t) and regular (r) stereora (x 16). 1-8 (after Theel). 4 (after Secliger). 5, 6 (after 
P. H. CarimnterX 

and the walls of internal organs. Parallel structures are found in 
the cartilage of Vertebrata. 

The formation of a calcareons skeleton by the mesoderm was 
as pronounced in the oldest known Echinoderms as it is to-day, 
indeed, more so. To the prickly skin, so commonly a result of 
this, is due the name of the phylum (extvos, a hedgehog; Scp/ia, skin). 
Amoeboid cells in the mesenchyme have the power of fusing by 
pseudopodia into plasmodia or into reticular tissue (Fig. XXIV.). 
Where the pseudopodia meet and fuse, the protoplasm secretes 
a small calcareous spicule (intracellular, Th^el ; extracellular, 
Semon), which gradually increases in size along the lines of the 
pseudopodia. Such spicules meet and fuse by their processes, 
thus building up a hard tissue (" stereom ''), with a structure that 
in section appears reticular, but really is more like a beam-and- 
rafter-work. As, in the growing Echinoderm, the protoplasmic 
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reticulum becomes a more definite stroma, so the pattern of the 
stereom acquires definiteness, and varies in the different parts of 
an individual, as well as in different species. In the course of 
ages the spicules of the adult have themselves come to acquire 
definite shapes characteristic of species, and this is notably the 
case with the complicated " wheels," " anchors," and " tables " of 
Holothurians (Figs. II. 3, 6; V. 6, 7, pp. 222, 233) ; but, as Stewart 
and Bell have shown, also applies to the spicules of the thecal 
cavity in sea-urchins. The spicules of the theca usually fuse into 
plates, those of the appendages (brachia, stem, etc) into ossicles. 
There is no real distinction; but it is often the case that the 
reticulum of the ossicles runs in straighter lines, while that of the 
plates is a more open mesh- work ; this is due to the definite 
arrangement of the connecting fibres of the stroma in the append- 
ages, and when this is definite in the theca the result, as we shall 
see under Cystidea (p. 42), is the same. Attempts to use this 
as an important character in distinguishing brachials from radials 
(p. 112), or a dorso- central from columnals, have no secure 
foundation. The stereom is absorbed by cells similar in outward 
appearance to those which deposit it, and the calcareous salts are 
transmitted by communicating pseudopodia from the absorbent to 
fresh depositing cells. Thus the spicules of the Echinoid Flvieus 
form a reserve for the growing urchin ; thus, too, the anal plate 
of the growing ArUedan is absorbed, and its material used by the 
increasing radials. Th^el, to whose observations (1892-96) much 
of this knowledge is due, compares the reticular tissue, the 
osteoblasts, the osteoclasts, and the " Howship's foveolae " formed 
by the latter, of Vertebrata with the similar structures in Echino- 
derma. Bone in its first stages, especially that formed in connec- 
tive tissue, is marvellously like Echinoderm stereom, and is like- 
wise of mesodermic origin. But, whereas bone is an extracellular 
formation, it is probable that the spicules of Echinoderms, like 
those of Sponges, are intracellular. The otoliths of some 
Holothurians and the biscuit spicules of others (see p. 224) are 
distinctly intracellular formations. Bone, moreover, is phos- 
phate, not carbonate, of lime, and does not retain the markedly 
crystalline character always possessed by Echinoderm stereom, 
even when highly complicated. Each skeletal element of an 
Echinoderm acts as a crystallographic individual, polarising light 
and cleaving along the planes characteristic of calcite. In fossils 
the cleavage is often emphasised by an infilling of the spaces with 
secondary calcite which has axes identical with those of the original 
crystal. According to Semon (1 887), every skeletal element begins 
as a tetrahedron, usually in the form of a trifid spine with branches at 
an angle of 120^. The formation of similar spicules in sponges has 
been studied by Minchin (1898, see Part II., Chapter on Porifera). 
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The epiblast develops into an ectoderm, ciliated in whole or 
part. In the adult this often becomes merged in the mesoderm 
so as to be indistinguishable ; in Ophiuroids it is for the most part 
calcified by the immigration of calcigenous cells; in Asteroids and 
Echinoids it remains with its cilia ; in Crinoids it remains on the 
tegmen of some forms, and in the ventral grooves, where it is 
ciliated ; in Holothurioidea it is very variable, being best preserved 
in Synaptidae. From the epithelium is derived the superficial 
" orsJ nervous system," composed of the circumoral ring and 
radial nerves. In Asteroidea and Crinoidea this remains on the 
surface, but in the other classes it sinks below, while the grooves in 

4 




B jea of Bchlnoderms. 1 , the end of a mj In young Aeterold. (, tormbuJ tentaole ; p, podia ; 
«, eye-spot. 2, section across the eye-spot in AaeriaM, showing stiven eye-caps, em, endo- 
thelium of perrmdial water-vessel ; (/, connective tissue fibres ; tin, nerve below eoithelliun. 
3, section across an eye-cup (after Cu^not). cil^ cilia ; eiU, transparent euUs, bel9W whtoh 
are the pif^nented and retinal coIIm. 4, diagnim of eye-spot of Diadtuna Mtotwrn^ modified 
firom Sarasin. The eye-spot, with its hexagonal elements, is surrounded by the pigmented 
integument, compofte<l of a glandular, columnar epitlielium (ep) which merges Into the cornea 
{oor) above, and the eye-cups below ; each cup is coated at Its Mse with pigment (m), and rsitrt 
on a nervous layer (aa), below which is ae^n pigment Ck>nnecUve tissue fibrils (^ pass 
through this in places. 

which the nerves originally lay are closed over them, forming 
" epineural canals " (Fig. XIII.). 

Two other nervous systems are formed in Echinoderma : (a) 
the " deeper oral nervous system " from the mesoderm, underlying 
and roughly following the course of the superficial system ; said 
to be absent in Crinoids, but is probably represented by their 
" sub-epithelial system " ; present in all other Echinoderms except 
those Echinoids that have no masticatory apparatus; it chiefly 
innervates the muscles in the oral side of the body wall ; (h) the 
" apical nervous system," most pronounced in Crinoids, and derived 
from the endothelium of the axial sinus ; it is believed to occur in 
all other classes except Holothurioidea ; it innervates the dorsal 
musculature of the test and appendages. 



Digitized by VjOOQIC 



ECHINODERMA'-GENERAL DESCRIPTION 31 

Sense-organs are but slightly developed. They are tactile, 
visual, and auditory or orienting. Tactile organs are furnished 
by the ambulacral appendages, the spines, and the pedicellariae. 
The chief among the ambulacral appendages is the " terminal 
tentacle," the unpaired end of the perradial water-canal, differ- 
entiated only in Stelleroidea and Echinoidea (Fig. XXY. 1). In 
Asteroids it is coated with columnar epithelium bearing long cilia 
and innervated by the radial nerve; in Ophiuroids this nerve, 
which is sub-epithelial in the arm, becomes epithelial in the 
tentacle ; in Echinoidea the terminal tentacle is a sensory papilla 
penetrating the pore in the "radial" or "ocular" plate of the 
apical system. The remaining ambulacral appendages, the podia, 
whether sucking feet, as in Echinoidea, Holothurians, and Asteroids, 
or tentacles, as in Ophiuroids and Crinoids, are highly sensitive, and 
sometimes have special developments. Thus, on the adoral side 
of the oral tenta^es of Synaptidae are two rows of papillae, of 
which the tip is concave and ciliated ; these are called " sensory 
buds," and supposed to be organs of smell or taste. Again, the 
podia of Crinoids have small papillose projections, each papilla 
armed with three stiff but fine hairs. Similar papillae, sometimes 
more developed, occur in some Ophiuroids and Echinoids. Spines 
occur chiefly in Echinoids, less pro- 
nounced in Stelleroids, and rarely in 
Crinoids and Blastoids. Not all spines 
are sensory. The smaller spines of Cidar- 
oida, surrounding the larger spines and 
the main openings of the theca, are 
covered with ciliated epithelium, and 
bear tactile hairs at the tip ; the minute 
spines (davulae) on the fascioles of Spat- 
angidae (see p. 319) likewise have a 
ciliated integument, probably with sen- 
sory cells. The club-shaped spines of 
some Ophiuroids are covered with a pg*^ 
glandular and sensory epithelium. Pedi- fio. xxvi. 

cdlariae occur in all Echinoids, some a single cup of Pig. xxv. 4, 

., ., J - r^ \' ' 1 A recoiistrucUd from the evidenc« 

Asteroids, and a few Ophiuroids; they are of sarasin. outside is a ciliated 
small, forceps-like appendages derived ^S«liS™»Tb?tow*^'i'SSSi'. 
from spinM (see p. 287). All are covered «™ r„1''„<3a.S3iS^^rSS; 
With a glandular, sensory epithelium, nuclei (n») lie in strands of proto- 
which in the "glandular pedicellariae" ?utu\^'£f«%V'an'StomLi5S 
of some Echinoids develops special tactile ^Xn'^^i:;^}'^^^^ 
prominences. Visual organs are known ^e ganguonated (gg) neryoua 
only in all Asteroids, a few Echinoids, and ^"' 
Synaptay but other (probably all) Echinoderms are sensitive to light, 
owing, perhaps, to the action of the pigment-bearing amoebocytes. 
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In Asteroids (Fig. XXV. 1) an eye-spot (e) lies at the base of each 
terminal tentacle (^) on its aboral side. This spot is a red cushion 
in which are many conical cups, each representing an eye (Fig. 
XXV. 2). The wall of each cup is formed of pigment cells and 
interspersed unpigmented retinal cells (Fig. XXV. 3). The 
Echinoid Diadema setosum has a black integument with numerous 
spots which, owing to interference of light, appear blue. Each 
blue spot, as proved by P. and F. Sarasin (1887), is a com- 
pound eye (Fig. XXV. 4). The structure of a single element is 
shown in Fig. XXVI. Supposed auditory organs ("Baur's 
vesicles" or otocysts) have been described only in some Holo- 
thurians, e.g. Synapta (see Fig. XVII. oc; also p. 234 and Fig. V. 5 
on p. 233). The sphaeridia of Echinoids (see p. 288) are sup- 
posed to be organs of orientation, or of taste and smell (Lov^n), 
or for appreciating chemical changes in the water (Ayers, 1885). 
They occur only on the oral side of the theca, and when the 
animal is in the natural position they hang down like the clapper 
of a bell ; but when the animal is tilted, each sphaeridium presses 
against the nerve cushion surrounding its stalk. 

Distinctive Characters of Phylum and Classes. — The foregoing 
account has introduced the fundamental features of Echinoderm 
morphology, laying stress on characters common to the whole 
Phylum rather than on those that distinguish the various classes. 
It has, however, tended to show the inner meaning of those out- 
ward distinctions between the chief types with which the chapter 
opened, and the student may perhaps have realised that "the 
homologies within the Echinoderm stock " are, as Semon has in- 
sisted, often more apparent than real. In drawing up a definition 
of the Phylum that shall include the most primitive forms of fixed 
Echinoderms known, one cannot utilise most of the characters 
usually thus employed in systematic treatises, since they are 
secondary, homoplastic acquisitions, often with no true homology. 
It is, for instance, not sure that all Echinoderms have a radiate 
S3rmmetry, even an obscured one. It is true that all recent 
Echinoderms have a lacunar, haemal system ; but that system in 
Stelleroidea is not homologous with the one in Crinoidea. It is 
highly probable that all animals to which the name " Echinoderm " 
could have been applicable since the beginning have had a portion 
or portions of the anterior coelom specialised as a hydrocoel ; but 
this is different from the questionable assertion that all Echino- 
derms have an ambulacral system. 

On the other hand, in any attempt to limit the several classes, 
respect should be paid to deep-seated structures illustrative of past 
history and genetic affinity rather than to the obvious but super- 
ficial differentiations that characterise the representatives now 
living. We have to make our classificatory partitions run back 
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as far as possible. Since the factor determining the lines of 
evolution appears to have been position with regard to the sea- 
floor, this must no longer be contemned as " mere difference of 
habit." The first Echinoderms were not necessarily fixed, but 
fixation probably affected all representatives of the Phylum at an 
early period and produced gradual changes, the first being the migra- 
tion of the mouth and left hydrocoel to the upper pole. Those 
forms in which the oral pole remained uppermost, whether actual 
fixation by the aboral pole persisted or no, are to be distinguished 
from those in which the oral pole again shifted, accompanied by loss 
of fixation. Leuckart's term Pelmatozoa (1848), though primarily 
connoting the actual or potential possession of a stalk, has come 
into general use for the former group. The term Statozoa, pro- 
posed by Bell (1891), implies absence of locomotion, and is 
therefore not so great an improvement as to compel its adoption. 
The term Crinoidea was extended by Eoemer (1851) to include 
all Pelmatozoa, but such extension does violence to the intentions 
of J. S. Miller, the coiner of the name (1821). The forms with 
oral pole uppermost may, it is true, be divided into classes ; but, 
as maintained by Huxley and Ray Lankester, their genetic con- 
nection is so evident that it should be recognised by the establish- 
ment of a Sub-phylum, to which we shall continue to apply the 
name Pelmatozoa. The included classes, as hereafter explained, 
are the Cystidea, Blastoidea, Crinoidea, and Edrioasteroidea. The 
remaining classes of Echinoderma have been placed together by 
P. H. Carpenter and others as Echinozoa, but may more con- 
veniently be spoken of as Eleutherozoa (a term originally used by 
Bell in a sense excluding Holothurians). Their genetic connec- 
tion, however, is only that due to descent from the Pelmatozoa ; 
even if all Eleutherozoa descended from one class of Pelmatozoa, 
they did so at widely differing periods. The Holothurians must 
have cast loose before the genital organs had been affected by radial 
symmetry, and are thus, as well as by the horizontal position of 
the oro^nal axis and the retention of the M plane as sagittal, 
sharply distinguished from Echinoidea and Stelleroidea. The two 
classes last mentioned were with some reason opposed by 
Leuckart to Pelmatozoa and Holothurioidea (or Scytodermata, 
as he called the latter) as Actinozoa ; but they differ in important 
features. If Cu^not's interpretation of the lacunar systems be 
correct, it seems as though the Echinoidea branched off before 
radial symmetry had greatly affected the coelomic lacunar system 
derived from the axial sinus; similarly the digestive system 
retained its coiled and non-radiate arrangement; moreover, the 
sinking of the ambulacral water-vessels and nerves below the test 
here diverged further from the Pelmatozoic type than is the case 
in Asteroidea. The extension of the ambulacra nearly to the 
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aboral pole in Echinoidea and the development of a special 
terminal plate at the end of each ray in Stelleroidea afford 
features of much diagnostic value, but of less morphological im- 
portance. English writers have usually regarded the Asteroidea 
and Ophiuroidea as well-defined classes. The normal forms are 
in fact markedly separate, but the evidence of ontogeny, as well 
as the existence of connecting links now, and the approxima- 
tion of the two groups in Palaeozoic time, renders this view 
difficult of acceptance, so that they are here combined in a class 
Stelleroidea. 

Diagnosis of Bcbinodenna. — Metasoa, coelomata, triptoblastica, 
living in salt or brackish water, with a primitive bilateral sym- 
metry still manifest in the right and left divisions of the anterior 
and posterior coelom ; with a hydrocoel primitively developed from 
each half of the anterior coelom, and connected with the exterior 
by a water-pore ; with stereom composed of crystalline carbonate 
of lime deposited by special amoebocytes in the meshes of a 
mesodermal reticulum or stroma, chiefly in the integument (absent 
only in the highly modified Pelagathwria^ p. 230, and, according to 
Koehler, in the Holothurians SHdicpus peUlens and S, tarvus) ; with 
gonads derived from the endothelium, apparently of the anterioi* 
coelom ; total segmentation of the ovum produces a coeloblastuU 
and gastrula by invagination ; mesenchyme is formed in the seg- 
mentation cavity by migration of cells, chiefly from the hypoblast. 

Known Echiuoderma show the following features (imagined to 
be due to an ancestral Pelmatozoic stage) : — Increase in the 
coelomic cavities of the left side and atrophy of those on the right ; 
the dextral coil of the gut, recognisable in all classes, though 
often greatly obscured; an incomplete secondary bilateralism 
about the plane including the main axis and the water-pore or its 
successor, the madreporite, often obscured by one or other of 
various tertiary bilateralisms ; the development of the hydrocoel 
into a circumoral, arcuate or ring canal, che hydrocircus ; except 
in the small (but increasing) number of known cases in which care 
of the brood has secondarily arisen, development is through a 
free-swimming, bilaterally symmetrical, ciliated larva, of which 
in many cases only a portion is transformed into the adult 
Echinoderm. 

All living, and most extinct, Echinoderms show the following 
features (almost certainly due to an ancestral Pelmatozoic stage) : 
— An incomplete radial symmetry, of which five is usually the 
dominant number, is superimposed on the secondary bilateralism, 
owing to the outgrowth from the peristome of one unpaired and two 
paired ciliated grooves ; these have a floor of nervous epithelium, 
and are accompanied by subjacent radial canals from the hydro- 
circus, giving off lateral podia and thus forming ambulacra, and by 
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a pseudhaemal system of canals apparently growing out from 
coelomic cavities. 

All living Echinoderms have a lacunar, haemal system of 
diverse origin. This, the ambulacral system, and the coelomic 
cavities contain a fluid holding albumen in solution and carrying 
numerous amoebocytes, which are developed in special lymph- 
glands and are capable of wandering through all tissues. 

The Echinoderma may be divided into seven Olasses, the 
mutual relations of which are roughly represented iu the annexed 
table. 

( Cystidka Edrioasteroidea 

PXLMATOZOA-( BlABTOIDBA 

I — HOLOTHUBIOIDBA 'V 



, Cbikoidia 



- EOHINOIDEA HElBUTHEEOZOA) 

— Stelleroidea ) 



Guide to Literature of Echinoderma Gbnxrallt. 

In seleoting from the large mass of writings, preference has been given to the 
more recent, especially those giving summaries or bibliographies. Works allnded 
to in the text may also be found by reference to the Zoological Heeord and the 
Zoologi9chen JahreaberiehUn (Naples). 

1. Agaaaiz, A, 1882. (Echinodermata . . . Bibliography.) Bull. Mna 

Comp. Zool. Harvard, voL z. pp. 109-184. 

2. 1883. (Selections from Embryologioal Monographs— II. Echinoder- 
mata.) Mem. Mus. Gomp. Zool. Harvard, voL ix. (2), pp. 1-45, pis. i.-xv. 

3. BMy F, J. 1891. (On the Arrangement and Interrelations of the Classes 

of the Echinodermata.) Ann. Mag. Nat Hist., ser. 6, vol. viii. pp. 206- 
215. 

4. BueUchli, 0, 1892. (Versuch der Ableitung des Echinoderms aus einer bi- 

lateralen Urform.) Zeitsch. wiss. ZooL, vol. liiL Suppl. pp. 136-159, pL iz. 

5. JBury,ff, 1888. (The Early Stages in the Development of ^tUetion roaacMi.) 

Phil. Trans. Roy. Soc. London, vol. dxxix. (1888), B., pp. 257-800, pis. 
xlii.-xlvii. 

e. 1889. (Studies in the Embryology of the Echinoderms.) Quart 

Journ. Micr. Sci., N.S. vol. xxix. pp. 409-449, pis. xxxvii.-xxxiz. 

7. 1895. (The Metamorphosis of Echinoderms.) Quart Journ. Mior. 

Soi, N.S. vol. zxxviiL pp. 45-135, pis. iii.-ix. 

8. CarpenUr, P, H. 1878-85, -87. (Notes on Eohinoderm Morphology— i.) 

Quart Journ. Micr. Sci., N.S. vol. xviii. pp. 851-888 ; (ii.) voL xix. pp. 
176-206; (iiL) vol. xx. pp. 321-329; (iv.) vol. xxL pp. 169-193, pis. zi., 
xiL ; (V.) vol. zxiL pp. 371-386 ; (vi.) vol. xxiii. pp. 597-616 ; (vii.) vol. 
xxiv. pp. 1-28, pL L ; (viii.) vol. xxiv. pp. 319-827 ; (ix.) vol. xxv. Suppl. 
pp. 189-155 ; (x.) vol. xxvii. pp. 379-391 ; (xi.) vol. xxviiL pp. 808-817. 

9. Crety, C. 1894. (Ck>ntribuzione alia conoscenza dell' ovo ovarico.) Ric. Lab. 

Anat Boma, voL iv. pp. 261-281, pi. xiv. [Contains Bibliography.] 
10. CtUnU, X. 1891. (litudes morphologiques sur les Echinodermes.) Arch. 
BioL, voL xi. (1891), pp. 818-680, pis. xziv.-xxxi. [Gives good Biblio- 
graphy.] 



Digitized by VjOOQIC 



36 ECHINODERMA--GENERAL DESCRIPTION 

11. Durham^ H. JS, 1891. (On Wandering CelU in Eehinodenm, etc, more 

mptHailj with ng»Fd to Excretory Fanctione.) Quart Joom. Mior. 8ci., 

N.S. ToL xxxiiL pp. 81-121, pL L 
11 Field, O. W, 1893, (The Urra of ^j<m« wlgarie,) Quart. Joom. Mior. 

8oL, N.S. Tol. xxxiT. pp. 106-128, pit. ziii-xr. 
II, ^^ 1895. (On the Morphology and Fhyaiology of the Eohinodeim 

Spermatoiodn.) Joom, Morph., toI. zL pp. 286-270, pla. xT.-zri. 

14. F9iUinff$r» A- 1^80. (Bar rexiatenoe de I'h^moglobine ohez lee fiohino- 

dermee.) Aroh. Biol., toL i. pp. 405-418, pl. xvii. 

15. &edd€$, P. 1880. (Obeenrationa rar le fluide p^rivieodral dee ounins.) 

Arch. Zool. Exper., toL Tiii. pp. 488-496, pU. xxxyii-xxxTiiL 

16. . and JMdard, F. B, 1882. (On the Histology of the Podioellariae and 

the Moeoles of Eekinui tphaerot Forbes.) Trans. Soy. Soa Edinb., toI. 
XXX. pp. 888-395, pis. xix.-xxi< 

17* Hdmantif 0, 1888-89. (Beitrttge xor Histologie der Echinodermen, Heft 
1.) Zeitsohr. wias. Zool., «rol. xxxix. pp. 145-190 and 809-333, pis. x.-xiL 
and xx.-xxii (Heft 2), pp. iv. and 126, pis. i.-vii., Svo, Jeua, 1885. (Heft 
8), Jena. Zeitschr., vol. xxL pp. 87-266, pis. yi.-xviiL (Heft 4), Jena. 
Zeitsohr., toL xxiiL pp. 288-388, pis. xii.-xxiii. 

18. Mowtt, JF, ff. 1886. (Note on the Preeenoe of Haemoglobin in the 

Echinodemis.) Stud. Biol. Lab. Johns Hopkins, vol. iii. pp. 289-291, 
pl. xviii. 

19. Lang, A, 1896. Text-book of Comparatiye Anatomy, translated by H. M. 

and M. Bernard, Part II. pp. 284-560, 8to, London. [Contains a good 
classified Bibliography.] 

20. Leuekartf C, G. F, B. 1848. Ueber die Morphologic und die Yerwandt- 

sohaffcsvcrhiiltnisse der wirbelloscn Thiere, eta, Svo, pp. viii. and 180, 
Brauoschweig. 

21. Ludwifftff, 1880. (Ueber den primiirenSteinkanal der Crinoidennebet vergl.- 

anatom. Bemerkungen ueber die Echinodermen ueberhaupt.) Zeitschr. 
wise. Zool, voL xxxiv. pp. 310-882, pla xii., xiiL 

22. MacBride, F. W. 1896. (The Development of AtHerifia gibbo9a.) Quart. 

Jonm. Micr. Soo., N.S. xxxviii. pp. 339-411, pis. xvili.-xxix. 
28. MaeMunn, C, A, 1885. (On the Chromatology of the Blood of some Inverte- 
brates.) Quart Journ. Micr. Sci., N.S. vol. xxv. pp. 469-490, pis. xxxiii, 
xxxiv. 

24. JieUehniieof, K 1869. (Studien Uber die Entwickelung der Echinodermen und 

Nemertinen.) Mem. Acad. Sci. St. Petersb., ser. 7, vol xiv. No. 8, 73 pp. 
12 pis. 

25. ^— ^ 1885. (Ueber die Bildnng der Wanderzellen bei Asterien und Echiiiiden.) 

Zeitschr. wiss. Zool, vol xlii. pp. 656-678, pis. xxv.-xxvi. 
25a. MorUnun, T, 1898. (Die Echinodermen-larven der Plankton- Expedition 
nebst einer systematischen Revision der bisher bekaunteu Echinodermen- 
larven. ) ErgebniBse der Plankton-Expedition der Humboldt-Stiftung, vol. 
ii. part J, 120 pp., 9 pis., and 1 map. Also published in Danish, as doctoral 
thesis, 1897 ; and in Yidensk. Meddel for 1898. [Gives a good Bibliography.] 

26. amUr, Joh, 1848. (Ueber die Larven und die Metamorphoee der Ophiuren 

nnd Soeigel) Abh. k. Akad. Wiss. Berlin, Phys. El. 1846, pp. 273-312. 
7pU, 

27. 1849. (Ueb. L. und M. d. Echinodermen), op, eit, 1848, pp. 75-109, 

5 pis. 



Digitized by VjOOQIC 



ECHINODERMA— GENERAL DESCRIPTION 37 

23. MM€r, Joh, 1850. (Ueb. L. und M. d. Holothnrien und Atterien), op. 

eiL 1849, pp. 35-72, 7 pis. 

29. 1352. (Ueb. L. uud M. d. Echinodermen), op, eit. 1850, pp. 37-86, 9 pis. 

3<X 1852. (Ueber die Ophiuronlarven dee Admtiwhen Meercs), op, eU, 

1851, pp* 38-62, 8 ph. 

31. 1853. (Ueber den allgemeinen Plan in der Entwickelung der Echino- 

dermen), op, cU, 1852, pp. 25-65, 8 pis. 

32. 1854. (Ueber den Bau der Sohinodermen), op, eU. 1858, pp. 123-219, 

9 pis. 

33. 1855. (Ueber die Gattnngen der Saeigellarven), op, eU, 1854, pp. 1-55, 

9 pis. 

84. Saraain, P, B, ami C. F, 1887. (Die Augen nnd das Integument der Diadem* 
atiden.) Ergebnisse natnrw. Forsch. anf Ceylon, Bd. I. Heft 1, 4to, 
Wiesbaden. 

35. 1888. (Ueber die Anatomie der Echinothoriden and die Pbylogenie 

der Echinodermen), t&nu eit. Heft 3. 

36. Sed-Ufer, 0, 1893. (Stndien zur Entwicklungsgeschichte der Grinoiden. 

Antedon roaaeea,) Zool. Jahrb., Abtli. f. Morph., vol vi. pp. 161-444, pis. 
xii -XX. [Gives Bibliogi*aphy of Antedon embryology.] 

37. Somon, JL 1888. (Die Entwickelung der Synapta digitfUa nnd die 

Stammesgetehichte der Echinodermen.) Jena. Zeitschr., vol. xxiL, N.F. 
XV., pp. 175-309, pis. vi.-xiL 

38. 1889. (DieHomologieninnerhalbdesEchinodermenstammes.) Morph. 

Jahrb., voL xv. (2), pp. 253-307. 

39. Sladen^ W. P, 1884. (On the Homologies of the Primary Larval Plates in 

the test of Brachiate Echinoderms.) Quart Joum. Micro. Sci., K.S. vol 
xxiv. pp. 24-42, pi. i. 

40. ThfelfB, 1892. (On the Development of iS^inoeyamiMptMi^/MtO.F.Mttller]). 

Nova Acta R. Soo. Sci. Upsala, Ser. III. pp. 1-57, pis. i.-ix. [Summarisea 

previous writings.] 
41. 1894. (Kotes on the Formation and Absorption of the Skeleton in the 

Echinoderms.) Svensk. Vet Akad. Forhandl., 1894 (6), pp. 845^4. 
42. 1896. (Remarks on the Activity of Amoeboid Cells in the Echinoderms.) 

Festskrift fdr LiUljeborg, pp. 49-58, pL iii, Upsala. 
See also Kos. 27, 64, 95, 96, in Literature of Pelmatoxoa (p. 211) ; Kos. 25, 
32, 41, in Literature of Stelleroidea (p. 279) ; and Kos. 36, 39, 62, in Literature 
of Bchlnoidea (p. 328). 



Digitized by VjOOQIC 



CHAPTER IX. 

THE PBLMATOZOA — CYSTIDKA.* 

GRADE A. PELMATOZOA, Lbuckabt (1848) 
( = Crinoidba, semu UUo Audi.). 

Class I. Cystidisa. 

,, II. Blastoidba. 

„ III. Crinoibea. 

,, IV. Edrioasteroidea. 

EoHlNODERBfA With the Yisoera enclosed in a calcified and plated 
theca, of which the oral surface is uppermost, and which is usually 
attached, either temporarily or permanently, by the aboral surface. 
Food brought to the mouth by a subvective system of ciliated 
grooves, radiating from the mouth either between the plates of the 
theca (endothecal), or over the theca (epithecal), or along processes 
from the theca (exothecal : arms, pinnules, etc.), or, in part, and 
as a secondary development, below the theca (hypothecal). Anus 
usually in the upper or oral half of the theca, and never aboral. 
An aborally placed motor nerve-centre gives off branches to the 
stroma connecting the various plates of the theca and of its 
brachial, anal, and columnar extensions, and thus co-ordinates the 
movements of the whole skeleton. The circumoesophageal water- 
ring communicates indirectly with the exterior ; the podia, when 
present, are respiratory, not locomotor, in function. 

The origin and meaning of many of these characters have 
already been discussed in the general section. The origin of 
others will be traced in following the history of the Grade ; and 
many of them will be more fully discussed under Crinoidea, in 
which class alone are they adequately known. 

The classes of Pelmatozoa here adopted are of very unequal 

^ By F. A. Bather, M.A. Since the minority of Pelnmtoioe, being of extinct 
typet, preeent pecnliar difficulties, the student unfuniliir with Echinoderm struetoie 
is recommended to begin either with the description of a simple Crinoid (Chapter XI.), 
or that of a SUrflsh (Chapter XIV.). 
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value ; and to place them either in a line or side by side does not 
represent their phylogenetic relations. Such, probably, would be 
better shown by placing a primitive class, Ampfaoridea, at the 
base and deducing from it several lines of descent, viz. Edrioas- 
teroidea, Anomalocystida, Aporita, Rhombifera, and Diploporita. 
From the Edrioasteroid line, we may suppose, there sprang first 
Holothurians, then Stelleroidea, then Echinoidea, while the line 
itself still survived in more specialised forms to the close of the 
Carboniferous period. The Diploporite line ought properly to 
include the Blastoidea ; and from it probably there arose, as a fresh 
development with a new lease of life, the important class, 
Crinoidea. The other lines were unsuccessful and none survived 
the Silurian. But to make the classification coincide absolutely 
with this history, which after all is not yet proven, would be to 
reject names and classes that have held the field for more than 
half a century in favour of new and unaccepted terms. Old 
names, therefore, have been retained so far as possible. The 
diversity of existing opinion, however, may serve as excuse for a 
few novelties. Such are the use of Haeckel's Amphoridea, in an 
emended sense ; the resuscitation of Edrioasteroidea ; the emenda- 
tion of the Rhombifera, Aporita, and Diploporita, and of the 
included families, which, when not new, are rarely used in the 
sense of the original proposer ; the extension of the Blastoidea, 
and their division into Proto- and Eu-blastoidea ; a considerable 
revision of the accepted classification of Eublastoidea ; and a 
recasting of the classification of Crinoidea. 

CLASS I. CYSTIDEA, Von Buck (1844). 

Order 1. Amphoridea. 
„ 2. Bhombifera. 
„ 3. Aporita. 
„ 4. Diploporita. 

Pelmatozoa in which radial polymeric symmetry of the theca 
is developed either not at all or not in complete correlation with 
the radial symmetry of the ambulacra (such as obtains in Blastoidea 
and Crinoidea); in which extensions of the food -grooves are 
exothecal or epithecal or both combined, but neither endothecal 
nor pierced by podia (as in Edrioasteroidea). 

The earlier and more primitive Cystidea represent the pelma- 
tosoic stage through which the Echinoderm race passed, on its 
way from the Dipleurula to the various classes. They shed light 
not only on the origin of those classes, but on the still more 
ancient ancestor of the Phylum. The remarkable adaptability of 
the Echinoderm type, the mode of origin of many organs, and the 
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biological phenomena of homoplasy and convergence, can also be 
studied in this class. 

The Cystidea were first separated from other Echinoderms, 
under that name, by L. v. Buch in 1844 and 1845. His definition 
laid stress on the fixed condition, the irregularity of the thecal 
plates, and the absence of arms like those of Crinoidea. Sub- 
sequent discoveries of stemless cystids, of cystids with radial 
symmetry in the theca, and of arm-like structures in most cystids, 
have made the letter of this definition untenable ; but its spirit 
holds good. The difficulty that this class has presented to 
systematists is chiefly due to these factors : (1) The rarity and ill- 
preservation of these old Palaeozoic fossils; (2) the ancestral 
nature of the group and the consequent existence of links between 
it and other groups ; (3) the wrongful ascription to the Cystidea 
of various genera (e.g. Porocrinus^ Stephiinocrinus, Hypoerinus^ 
Echinoeystis) ; (4) the extraordinary diversity of structure in the 
class, a feature common to most groups at their origin, and pro- 
ductive in this case of many lines of development, only a few of 
which have become so severed from the rest as to be regarded as 
independent classes {e.g, Blastoidea and Crinoidea, distinguished 
by all ; Edrioasteroidea, distinguished by a few ; Anomalocystidae, 
not distinguished, but quite as separate) ; (5) the rapid develop- 
ment of the class, from the exceedingly simple Aristoeystia to such 
highly specialised forms as Lepadoerinus, CaryocrtntM, and Mesocyslis, 
Hence the diagnosis cannot be elaborate, and must be mainly 
negative. 

Most of the claaaiilcationa hitherto proposed have been based 
upon one set of characters; thus Zittel's (1879) adaptation from 
Johannes Miiller (1854) is according to the structure of the thecal 
plates (Aporitidae, Diploporitidae, Rhombiferi) ; Barrande's 
division (1887), not intended as taxonomic, is according to the 
number of openings in the theca. A far better arrangement is 
that initiated by Pictet (1857), extended by Bronn (1859), and 
modified by Dujardin and Hup^ (1862); this, however, is rather 
a key to genera than a classification into orders and families. 
Attempts have also been made {e.g. Forbes, 18^^ ; and.Neumayr, 
1889) to determine the lines leading from the Cystidea to other 
classes; and on such principles Steinmann (1888) founded his 
classification into Eucystoidea, Cystechinoidea, Cystasteroideai and 
Cystocrinoidea. A classification on true phylogenetic principles 
was first published by Haeckel (1896), who only failed from want 
of acquaintance with the facts of Cystid structure. The classifi- 
cation in this text-book attempts to express the 'actual lines of 
descent as inferred from an independent study of the fossils. 

The main lines of descent are these. The starting-point is a 
simple, many-plated, sac-like form (e.g. AristocysUs^ Fig. II. p. 44), 
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in which neither ciliated food-grooveB, though perhaps present, 
nor radial ambulacral vessels, have left any trace on the skeleton, 
in which the porous structure of the stereom is indefinite, and in 
which no stem is differentiated. Modifications of this soon 
appeared in many directions. In one direction arose an antero- 
posterior flattening of the theca and the extension of food-grooves 
along two lateral articukted spines, with a peculiar and character- 
istic arrangement of stereom ; this was accompanied by develop- 
ment of a stem (Anomalocystidae, pp. 49, 52, Figs. XI.-XIII.). In 
another direction was an extension of the theca downwards to 
form a stem, and upwards from the mouth to form a single jointed 
process for the support of a ciliated groove (Dendrocystidae, 
p. 47, Fig. IX.). Neither Anomalocystidae nor Dendrocystidae 
proceeded very far, and they may conveniently be grouped with 
Aristocystidae and a few other primitive forms into an order, 
Amphoridsa, distinguished from the r^st chiefly by absence of 
radial symmetry in food-grooves and ambulacra. 

A very different modification was that which produced a theca 
flattened horizontally, with five ciliated grooves passing from the 
mouth between its plates (" endothecal*"), and protected by distinct 
covering-plates; ambulacral vessels lay beneath or within the 
grooves, and podia from them passed between the adjacent thecal 
plates. So different is this type from those of other Echinoderma, 
that such forms have here been separated as a class, Edrio- 
AST£Ron>EA (Chapter XII.). 

Returning to the primitive Amphoridea, we find a difficulty in 
distinguishing some of them from their immediate descendants, 
owing to the very slight traces left on the theca by the originating 
extensions of the food-grooves. Those forms in which such traces 
are perceptible may almost from the outset be grouped under two 
heads. One group includes those in which the grooves wander 
outwards from the mouth over the thecal plates, which gradually 
become arranged regularly on either side of the grooves, while still 
further extensions ascend from the " epithecal " grooves on small 
"exothecal" processes called " brachioles." In the other group 
the grooves do not tend so much to stretch over the theca as to be 
raised away from it on relatively larger brachioles, arising in 
the immediate neighbourhood of the mouth. 

At the same time, a difference manifests itself in the structure 
of the thecal plates. From the indefinite relations of stereom and 
stroma noticed in earlier Amphoridea arise two types of structure 
(Fig. !.)•• The canals traversing the stereom, more or less per- 
pendicularly to the thecal surface, either cease to be simple 
(" haplopores ") and become connected in pairs (" diplopores ") still 
perpendicular to the surface ; or they come to lie parallel to the sur- 
face and at right angles to the sutures. In the latter case we may 
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suppose that the canals represent stroma strands continuous 
across the sutures ; those crossing any one suture come to occupy 
a rhombic area bisected by the suture-line, and, since, in weathei^ 
plates, there appear to be pores at the ends of these canals, the 
areas have been called " pore-rhombs '^ {Parm-rautenj see Fig. XV., 
Echinosphaera, and XVL, Orocystis), There also takes place a gradual 






Fio. I. 

Structure of the test in Aristoc vstidae. 1 , plate of Arittocy$tis bohemicus showing haplopores, 
some of which are connected by a horee-shoe canal, x4 ; 8, portion of same ftirther enlarged ; 8, 
portions of surfluse of other specimens, gradually leading up to such a structure ai iu 4, a plate 
of Calix Sedawiekit with diplopores ; 5, a diplopore of ratner different form ; 6, section of a 
diplopore ; the hypoetereom is shown, but the epistereom, if there were any, is removed ; 7, a 
natiuul replacement (by inflltration of mineral matter) of the original stroma-strands and 
sutaree in plates of Calix (?), the stereom dissoWed away ; 8, plates of ArlttoqfBHi in similar 
condition snowing vertical strands (= haplopores) in the middle, and radiating strands at the 
sutures. All figures enlarged. (1, 2, 8, and 8 after Barrande ; 4 and 7 after Rouanlt) 



increase in the area, and a decrease in the number, of the thecal 
plates relative to the size of the theca; perhaps the folds that 
often radiate from the umbo of each plate are connected with this, 
for they must have strengthened the plates, like the folds in cor- 
rugated iron or pasteboard. These folds may coexist with diplo- 
pores or with pore-rhombs ; but they are clearly more adapted to 
the latter structure, and often seem to merge with it and accentuate 
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it. ThoB IB evolved a highly spedalised type of stereom-folding 
known as a " pectini-rhomb." Now, although it is difficult to 
separate all the forms at the first parting of the ways, it is soon 
seen that diplopores are almost confined to the genera with 
epithecal extensions of the subvective system, while those with only 
ezothecal extensions are characterised by pore-rhombs or pectini- 
rhombs. There is therefore justification for the old divisions 
DiPLOPORiTA and Rhombifera, as orders, in a restricted sense. 

The Diploporita (p. 70) show a gradually increasing regularity 
of structure in the food-grooves, and in their relations to the 
theca, leading almost imperceptibly to the Blastoidea. So much 
is this the case that it seems well to separate from the Cystidea 
certain forms in which "the radial polymeric symmetry" m "in 
complete correlation with the radial symmetry of the ambulacra " 
(see definition, p. 39), and to refer them to the Blastoids as an 
order Protoblastoidea (p. 79). The only alternative is to make 
the Blastoids an order of the Cystidea. 

In many of the Rhombifera (p. 52) a peculiar modification of 
the food-grooves takes place, in that they are continued over the 
theca, not directly on the thecal plates themselves, but by a 
proliferation of plates from the mouth region. The grooves tnus 
formed have been termed " recumbent arms " or " pseudambulacra," 
and are fringed with brachioles. This type of ambulacra! structure 
was independently developed in this order more than once ; but it 
is most common in the group of genera characterised by pectini- 
rhombs and by pentamerism in the theca (family Glyptocystidae, 
p. 58). A group with pore-rhombs highly developed inside the 
theca, and with hexamerous symmetry, is distinguished as the 
family Caryocrinidae (p. 65). In it the food-grooves tend to be 
enclosed by thecal plates (" hypothecal "). 

The orders already mentioned do not include all genera that 
come under the terms of our definition of Cystidea. From early 
forms of Rhombiferi, or perhaps even directly from Amphoridea, 
there arose a small group in which neither diplopores nor pore- 
rhombs were developed, at all events to the same extent, but the 
number of thecal plates was greatly lessened and exothecal 
brachioles were developed. The best known of these is Cryptocrinvs 
(p. 69). One might adopt Aporita {sens, str,) as an ordinal name. 

OuDBR 1. Amphoridaa» Haeckel (1896, pars). 

Primitive Cystidea in which radial symmetry has affected 
neither food-grooves, nor thecal plates, nor, probably, nerves, 
ambulacral vessels, nor gonads. 

Haeckel included under this name rather more forms than are 
here referred to it, and separated them from the Cystidea as a 
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primitive class of Ecfainoderma, comparable to the Pentactula 
stage passed through in the development of all their descendants. 
The more characteristic and undoubted Amphoridea, however, 
represent only a stage in the development of the Echinoderm tjrpe 
and not a divergence; they are too intimately connected with 
more specialised Cystidea to warrant separation as a class. It 
should also be remembered that, though such a stage as this 
probably was actually passed through, still forms are liable to be 
referred here, owing to our ignorance of their true structure. 

Family 1. Ari8toc7stidab. Amphoridea without extension of food- 
groovee, epithecally, cndothecally, or on exothecal skeletal processes. 
Theca composed of numerous plates without regular arrangement or 
specialised structure. No stem. Genera — Arutocy^fis, Barrande (1887X 
Ordovicinn, Bohemia (Fig. 11.), is in many respects the simplest Echino- 
derm known. The ovoid 
theca is composed of 160- 
200 plates, of no definite 
shape or arrangement, but 
with a tendency in the nar- 
rower, aboral half of the 
^ theca to form transverse rows 

of elongate hexagons. The 
animal usually fixed itself to 
Home solid body by a portion 
of the theca at or near the 
lower pole (B). At the upper 
pole is the mouth (0), a 
wide slit in the transversal 
Fuj. II. ** plane, with slightly raised 

ArigUxrti* bohemicHt. 1, side vIhw ; 2. oral view, ^dges. AboUt a third of the 

boUi 4 luit 8ise ; 3, bM«>, showing impression of GMtro- wav down the theca is the 

pod shell, x). The lettering is explaineriin the adjoin. •^ , , . /^v «« 

ing text. (All adapted ftom Uarrando.) rouud anal opemug {At\ 6-8 

mm. in diameter, doeed by 
six or seven triangular plates, meeting in the centre, and known as 
"the valvular pyramid." Between mouth and anus, and usually a 
little to the left, are two smaller openings — a transverse slit (Af) 
close to the mouth ; and a round pore (G) cloee to the anus. Of these M 
is regarded by P. H. Carpenter (1891) as the hydropore, and G as the 
gonopore, a view accepted by Haeckel (1 896) and adopted here. There is 
no trace of calcified arms or brachioles, whether jointed or solid, nor even 
of epithecal or hypothecal extensions from the hydrocoel ring or from the 
mouth. The hydrophoren palm^ described by Barrande, and supposed by 
Neumayr (1889) and P. H. Carpenter (1891) to be subtegminal ambulacra, 
are really epithecal food-grooves, and have not been proved to belong to 
this genua The plates of the theca are thick, especially at its lower end) 
they are said by Banande to be composed of three lavers (Fig. III.) : 
(«) outer, thin, smooth, and solid ; (m) middle, thick, pierced by irregular 
canals, more or less at right angles to the outer surface ; (h) inner, thin. 
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paasing np into the suture lines and into the ends of the canals, smooth 
on its inner sorfiace. Doubt has been cast on the existence of these three 
layers, but examination of well-preserved specimens suggests the follow- 
ing interpretation : — (m) is homologous with the '* mesostereom ^' of all 
Echinoderms, its plates were deposited in a stroma of connective tissue, 
and presented not only large meshes, but continuous larger canals for 
the passage of strands of stroma, and perhaps of lacunar blood-vessels : 
the stroma was thus eontinnoue throughout each plate, and strands often 
passed over the outer surface, uniting the larger strands and sometimes 
producing the grooves bent in Lorsc-shoe, as at 2 in Fig. I. ; ie) is not 



Fio. III. 
Section of test in AH$Uxyii*y in the region 
of a suture («). Shown epistereoui («), meeo- 
Mtereoni (»0, and hypoHtereom (fc). w !« pierce«l 
by haploiiorw which are joined above nt 2, 2. 
(OrlKinal dingrani, niagaltled uUnit 10 dlunj.) 



Fio. IV. I-n;. V. 

(Mix SedgvHcl'i, tvom a recon- A tmnjiverHe section of a iilate of CVt/i.r Mitnhi»onU 

atruction by Roiianlt ; about the Htronia-HtnndM rephueif by intilliii^ matrix, the 

nat. aixe. atereoni dissolved away, x tf diuni. (After Uoiiault.) 

a truly calcified cpistereom, but probably represents a hard epidermis ; 
there is little doubt that some structure did actually cover the outer ends 
of the canals ; {h) represents the inner layer of the integument, which 
towards the margins of each plate was often differentiated into elastic or 
muscular strands, uniting adjacent 2)lates and giving flexibility to the 
theca ; if calcified, this layer would be homologous with the ** hypo- 
stereom" of many Crlnoids, but, as in the case of (e), there is only 
preserved to us the space which it occupied, filled with suhsequent 
infiltration or with iron oxide precipitated during the decomposition of 
the organic matter. The primitive features of Aristocyatii are then : 
indefinite shape of theca, indefinite arrangement of plate?, undifferentiated 
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structure of stereom, absence of stem and of definite base of attachment, 
absence of arms, absence of ambulacra, a single and independent gonopore 
as in Holothurians. CaUx^ Rouault (1861-78 ; syn. Oraierina^ Barr. par8, 
1887), OrdoTician, France and Bohemia (Fig. IV.). The theca is a bowl 
or vase of very thick plates, with an oral covering of very thin ones 
rarely preserved. There is usually a marked hollow at the lower end, 



l-^io. VI. 

1, Ctdix Mtryiiea, ftom tlie side ; towards the bttM Um pores are covered by a smooth epi- 
dermis. 2, C. exeavata, the tegmen. Uotli nat. sice. (After Barrande.) 

but C. Sedgvoickiy Rouault's type- species, has a short, stem -like promi- 
nence {St). The canals in the plates tend to definiteness of arrangement, 
especially at the lower end, where they seem to radiate from the hollow. 
The connection of the canals at their outer ends, to form pairs, is often 
marked (Fig. V.). All these characters are exaggerations of some already 
noted in Aristoqfstts, The tenuity of the upper surface, and its conse- 
quent disappearance in most specimens, have 
permitted the reco^'nitiou of only one aperture, 
which is pentagonal, and probably represents the 
anal pyramid (Fig. VI, 2). Specimens with hydra- 
pfu)re$ palmees have been referred to this genus, 
but belong to (p. 73) Diploporita. PUocydxM^ 
Lapillocystu, and AcafUhocystis^ Cambrian, and 
I Baculoqfstis, Ordovician, Bohemia, all described 

by Barrande, are probably referable to this order 
if not to this family. Lodanella, Kayser (1886), 
Lowest Devonian, Germany, though called a 
sponge, is very like CcUiz. Deutoqfttu, Barr. 
(1887), Ordovician, Bohemia (Fig. VII.), is dis- 
tinguished from Arigtoofstis by the greater irregu- 
larity in size of the thecal plates (comparable to 
Fig. vii. ^^® arrangement of plates in the carapace of some 

D«.toc^i,««iertt«,re.tored «f^^<^<^ edentates, Glyptodontidae), and by the 
oil the evidence of Barrande, absence of an independent gonopore, this having 
|i^i5j II. 8. Lettering as in j^^^^ either with the anus or with the hydropore. 
There are signs of fixation by the aboral end of 
the theca {B), where the plates are larger and tend to lie in rows. The 
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mouth iff) is aurrounded by five large plates, forming a slight projectioD, 
somewhat eccentric The anal pyramid (il«) has five plates. The hydro- 
pore (Af), a little to the right of the line joining mouth and anus, was 
covered by a small pyramid of three plates, the impressions of which 
on the internal cast (the only part preserved) have been regarded as three 
openings. The canals in the thecal plates are more numerous near their 
margins. Certain species, in which the plates seem more rounded, not 
closely apposed, and perhaps without canals, in which the anal pyramid 
had four plates, and in which the hydropore was not tripartite (ie. had no 
valvular plates^have been separated by Haeckel (1 896) as a genus, Amphora- 
cytlii, Pirocydis, Barrande (1887), Ordovicion, 
Bohemia (Fig. VIILX ^^ & pear-shaped theca trun- 
cate below for fixation {St\ but still without true 
stem. The anal pyramid had six plates (As) ; other- 
wise it was much like DetUocystU, The regularity 
of the adoral plates in these two genera suggests 
that they may eventually prove to be early forms of 
Diploporita or Rhombifera. 

The Lower Niagara rocks (Silurian) of Indiana 
and neighbouring states have yielded numerous forms 
resembling Aridoeyttii in external appearance and 
structure of theca, but with an ambulacral system 
apparently presenting three grades of organisation. fio. viii. 

They have all been described under the generic Piroeygtu pimm, re. 

TT , ... TT I -jj '1 •tored outline on the 

name Holocydttes or HolocydiSj a name previously evidence of Bammde, 
given to a coral, and therefore bound to yield to the f| ^i ^^^'*°« " *" 
alternative Megacydia, Hall (1864-66). Some of the ^' 
so-called species described by Hall and S. A. Miller seem to agree with 
Aristocyitii in the entire absence of arms and food-grooves, in the similar 
position and structure of mouth ("ambulacral orifice," S. A. M.), and anus 
("mouth," S. A. M.), while a hydropore ("anus," S. A. M.) is often ob- 
servable, and occasionally a fourth opening (? gonopore) ; the positions 
of the two latter are at varying distances between mouth and anus. 
Miller has described other species with similar structure, but with four 
or five of the plates surrounding the mouth raised into elliptical facets, 
apparently for the support of spines like those of PUicocystis (p. 51); 
no groove connects these fieu^ets with the mouth, although in some species 
the mouth assumes a tetragonal or pentagonal outline, with angles 
directed towards these facets. The third and higher stage of organisa- 
tion, possibly developed from this one, is seen in Holocystites gyriniis, 
Miller and Ourley (1894), and must be referred to the Sphoeronidae 
(seep. 72). 

Family 2. Dsndrootstidab. Amphoridea with a single oral skeletal 
process, theca composed of numerous irregxilar plates, extending below 
gradually into a stem. The single ^enus, Dendrocystts, Barrande (1887), 
Ordovician, Bohemia and Russia (Fig. IX.), has a theca in shape and 
intimate structure not far removed from that of Aristocystidae ; of equal 
thinness all over, its plates irregularly polygonal, and their strands of 
mesostroma not so well-defined. The following differences are of great 
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importance: — ^The theca suddenly thins below to about one-third its 
width, forming a tubular extension {St\ the walls of which contain 
numeroiu small plates, which gradually become 
larger and more definite in arrangement, and 
merge into a tube with a narrow lumen en* 
closed by comparatively large solid plates. Com- 
parison with more highly developed genera 
shows that this extension is a stem {polwmna\ 
and its presence indioatee a more fixed habit 
than was, perhaps, assumed by Aristocystidae. 
Further influence of fixation is clear in the de- 
velopment at the opposite pole of the theca 
of a movable, jointed tube {Br\ composed of 
four or five rows of small plates, wider than 
high, and often alternating ; this tube tapers to 
a rounded end, in which no opening is per^ 
ceptible; neither are there openings between 
its plates ; the plates may, however, have 
opened along one of the vertical lines, thus 
converting the tube into a groove, exactly as 
figured in Fig. 5 of Barrande's Plate XXVI. (see 
Fig. IX.). This organ was regarded by Barrande 
and Trautschold as a tvbu» veniraXis for genital 
(not fjEiecal) products ; by Neumayr (1889) as 
an arm, with a double row of ambulacral pores ; 
by Haeckel (1896) as an oral proboscis, or 
possibly the stem. It is here regarded as an 
extension from the mouth, bearing a ciliated 
food-groove that could be closed by plates, and 
perhaps also an extension from the water-ring. 
Other thecal openings are doubtful ; an anid 
pyramid may have existed in the lower third 
of the theca {As\ but fiarrande's figures and 
descriptions are inconsistent ; hydropore and 
gonopore quite unknown. Folds or ridges 
radiate from the centre to the edges of each 
thecal plate; besides strengthening the plates, 
these folds, like similar ones in later stalked 
forms, may indicate the concentration of a 
^'° ' . nervous layer in the integument into definite 

■tored"'o!?'^he^eWdeSce "of tracts (axial nerves) putting the stem, thecal 

Barrande. ;?r the arm-like ap- plates, and plates of food-gTOOVeS into COU- 
pendage.copiPdfromBarraiide. ^ ^ f j 7, ^^-.v vi 

nection. Cigara^ Barrande (1887), resembles 

the stem of Dendrocystis^ and suggests its occurrence in the Cambrian. 

Syringocrinui paradoanu, £. Billings (1859), is the same thing from Quebec 

Family 3. £oct8TIDae. Established to include certain obscure forms 

from the Lower and Middle Cambrian of Great Britain and North America. 

Eocysiu, Billings (1868), and ProtocyttU, Hicks (1872, see also Salter, 1873), 

have never been properly described or figured ; but since they cannot 
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well be distinguished from Eocystites (?) longidactylus, Walcott (1886), that 
species must be taken as the example of the family (Fig. X.). Thecal 
plates numerous, irregular, '* varying in form, size, and surface characters 
on the same body." The two important points are : the varying develop- 
ment of radiating stereom-folds on some of the plates ; the presence around 
the mouth of not less than ten biserial brachioles, with long covering- 
plates (" short pinnulae," Walcott). This type, therefore, is intermediate 
between Amplioridea and Rhombifera, and its occurrence at so low a 
horizon is fortunate for the phylogenist This family Eocystidae in no 
way corresponds to Haeckel's Eocystida, which, like his EocyiliSi is a 
purely imaginary creation of no systematic validity. 

Family 4. Anomalocystidae. Tlieca compressed in the plane of the 



1 2 

Fio. X. 

Eoei/sHs longidadylus. 1, portion of test much enlarged, showing variation in size, outh'ne, 
and markings of plates, some of which have apparent pores at their edges ; 2, upper part of 
a specimen without test, showing portions of orachioles and impressions of coveriug-plates. 
With kind permission of Dr. C. D. Walcott. 

thecal apertures, one side tending to be convex, the other concave. 
Plates of the two sides enclosed by a common frame of marginals. Plates 
of concave side tend to be fewer and more regular than those of convex, 
but never achieve bilateral symmetry as do the latter. Tapering stem of 
polymeric columnals at one end of theca ; at the opposite end are the 
apertures, with function still uncertain. In some genera, spines ("arms" 
of most writers) are known, one at each upper angle of the theca. Orna- 
ment of granules, which on the theca tend to run in transverse, wavy, 
sub-parallel lines, simulating the scale-markings of some Crustacea. No 
pores. J. Walther (1886) and Haeckel (1896) have considered the bilateral 
symmetry primitive, and homologous with that of the Dipleurula ; 
but M. Neumayr (1889) maintained that the symmetry of the two was 
different. The evidence suggests that the evolution was iotoardi greater 
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bilateral ^symmetry, and therefore started from the usual sack-like form. 

Qenera-^7VorAacv«et8, Barrande (1859-87 ; syn. Tfigonoe^titiii^ Haeekel), 
Cambrian, Bohemia, France, Spain (Fig. XI.), is 
the most primitive ; its theca is bounded by 
twelve stout maiginals (mm), conspicuous on one 
side more than on the other, and forming a 
circular, elliplival, or subtriangular frame ; the 
enclosed space on either side is occupied by a 
mosaic of 80-160 somatic plates, hexagonal 
except where truncated by the marginals. At 
the oral end of the frame Uiree openings, nearly 
in the broad median plane, pass from the thecal 
cavity through or between the marginals to the 
exterior ; the middle opening (? hydropore and 
gonopore) is widest, and is protected by a 
hood-like projecting plate (Af), (? madreporite) ; 
of the other two openings, one (0) in the broad 
plane is the wider (7 mouth), the other {A$) 
slightly out of that plane is smaller (? anus) ; 
they appear to be connected by a canal (? for 
p^^ ^^ reception of gut) running round the thecal 

TToch4H^$tic hokmieut w- ^^^^ ^^ *^® ""^^® ^^ *^® margiuala At the 

stored on the evidence oi Bar. aboral end of the frame the marginals pass 

tTii^'orfSe^righfoFufelgSj into a short, tapering stem (SQ of subtri- 

j8 removed showing the interior, angular sestion, composed of rows (3 or 5 ?) 

The arrows show the suppoeed - i^ • • i .^ i • 

diractionofthegut. The letters of alternating ossicles, its lumen communi- 
j^expwned in the adjoining gating with the thecal cavity. Troehocydii 
may be regarded as a differentiation from 
such a form as AristocysUt by lateral compression, so that its broad 
median plane is morphologically the , ^ 

sagittal, and the flat sidjs are the 
primitive right and left, the pro- 
jecting plate ikf being on the left side. 
Mitrocyttu^ Barrande (1887), Cam- 
brian and Ordovician (Fig. XII.X 
has twelve marginals {mnC)^ but on 
the (left T) side that corresponds with 
the convex side of later forms, the 
junction of the stem with the somatic 
plates lies between two of them ; 
while the median adoral plate of 

this side (Af) is vertically grooved on tm.-p^* •»^'---s viwv 

the interior, but exteriorly resembles ' ^ / ' V *•"* -^^^-^^ 

the somatic plates, which on this 8 

side, though larger and fewer (60-60) ^^ ^"- 

than in ^«A«^«, rtiU form a ^,^t?Si;:2J?J'>^"5SW-«2SSJ 

mosaic of hexagons ; two, aqjoining of upper part of the utter, showing tlM folded 

the stem, are larger than the others. ^^^ ^' <^' B»™>do.) 

On the other side, which corresponds with the concave side of later forms, 
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the margmals have extended far over the area formerly occupied by somatic 
phitea, and these latter number from three to six, one of which is much the 
largest and of irregular shape. Openings other than the median not distinct 
Stem of about four alternating rows of plates, often provided with thorn-like 
processes, and each overlapping its distal neighbour ; total length about 
equal to that of tiie theca, the proximal third with a wide lumen. No 
other appendages observed. AtelecysUs (A, HuxUyi)^ Billings (1858), is 
imperfectly known ; Anomalocydis ccmuiusy Hall (1859), may be con- 
generic, as usually supposed ; but A, dispariltSy Hall, probably belongs to 
PJacoqfdis {iMs infra). All the species described by IBarrande (1887) as 
AnorruUoqfdU are doubtful The specimens described by Meek (1873) 
and Wetherby (1879) are separable generically under the latter's name, 
Enoplfy^ira; the species are E, lAiUuimdes, Meek sp., and E. cnidacea^ 
Haeckel sp.^ In all these one traces the gradual diminution in number of 
plates, especially of somatic plates, and the evolution of the granular 
ornament into wavy ridges. Some of these also show traces of adoral 
spines. BdemnocystiB is placed in this family by Miller and Gurley (1894^ 
probably with justice, though its exact affinities are obscure. Platycystis^ 
S. A. Miller (1889), is based on a worn Anomalocystid of indeterminable 
affinities. Placocydii^ de Koninck (1869), from the English Wenlock beds 
of Silurian age (Fig. XIII.), is the most specialised form of this family. It 
was redescribed by H. Woodward 
(1880) ; since then fresh know- 
ledge has been gained. On either ^ 
side of the concave face (Fi«,'. 
XIII. 1) are three marginals 
{mm) which pass over on to the 
convex side ; at the columnal end 
are two marginals, at the oral 
end are three, and none of these 
five continue on to the convex 
side, although correspondir^g 
plates occur there. The median 
adoral marginal of the convex 

side (Fig. XIII. 2) is the plate ^ 2 

M ; its free edge is occasionally Pio. xiii. 

denticulate (cf. ridgingS in 3fliro- Plamcyttla Forbuianut. 1, concave or suppowjd 

cyUu). The eonmtic pUtes of ^%!i;X;'l^:^^^^:,''^^^\^%'_ 

the concave side are one large (l.reconstractedfrom various specimens in BritUh 
/^Antral tind otip Rmftll af itn «»»«««"»; 2, from Brit Mus., E7645, enlarged ; 8, 
Cenirai, ana one smau at IIS f^^j^ ^i^^ type-specimen, Brit. Mni., E7688.) 

left upper corner : those of the 

convex side are eleven, viz. two ad-columnal, as in Mitrocystis, supporting 
one median which does not touch the column as it does in Enoploura ; 
a transverse row of five, the median of which is small and often quite 
surrounded by its two neighbours (it is liot an anal structure, as supposed) ; 
a row of three adjoining the adoral mai'ginals. Stem much as in Mitro- 
cystis. The three marginals that meet at each adoral angle of the theca 
(Fig. XIII. 3) form an reticular surface (Br) for the support of a spine 

* This name must Ixs restricted to Wetherby 's Fig. 1« (2, e,/, and ?^. 
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(Bt) which may attain 2/3 the length of the theca^ without signa of a 
joint The spine is subcircular in section, and has no groove and no 
accessory plates ; none the less it may have served as an arm, i,e, as the 
bearer of a tentaculate extension of the water-system, and of a ciliated 
path to the mouth. The mouth, anus, and hydropore were probably 
situated in the integument uniting the two sides of the thecal opening 
that seems to stretch between the spines. Haeckel (1896) supposes that 
the Apu^iovm of the Anomalocystidae was correlated with locomotion, 
and that the stem was a locomotor organ — a suggestion by no means far- 
fetched ; but his statement that the anus was ad-columnal must have 
been based on Pleurocystis (p. 64), which, though belonging to a different 
order, simulates Placocystis in many features. 

Order 2. Bkombifera, Zittel (1879, emend.) 

Cystidea in which radial symmetry affects the food-grooves, 
and, in the more advanced families, the thecal plates ; probably also 
the nerves and ambulacral vessels, but not the gonads. The food- 
grooves are exothecal, i.e. are stretched out from the theca on jointed 
skeletal processes (brachioles). These either are close to the mouth 
or are removed from it upon a series of ambulacral or subambulacral 
plates not derived immediately from thecal plates, or are separated 
from the oral centre by hypothecal passages passing beneath teg- 
minal plates. The stereom and stroma become arranged in folds and 
strands at right angles to the sutures of the thecal plates ; in higher 
forms the stereom-folds are in part specialised as pectini-rhombs. 

The chief reason for the establishment of this order is the 
recognition of a distinct line of development in the skeletal 
structures bearing food-grooves. That this represents a true phylo- 
genetic series is confirmed by the structure of the test, although 
there may be some indefiniteness in this respect shown by the 
earlier genera. The difficulty of classifying forms at the parting of 
the ways is not one to be lessened by advance of knowledge. We 
note also the gradual decrease in number of thecal plates, their 
increasing subjection to a radial symmetry, and greater develop- 
ment of a stem. Hence, as is to be expected in a natural classifica- 
tion, there is a far greater difference apparent between extremes 
in the same series, say, the Callocystinae and the Echinosphaeridae, 
than between the latter and the Diploporite family Sphaeronidae, 
which constitute initial forms of different series. The radial 
symmetry or actinism of the order is trimerous, pentamerous, or 
hexamerous, but may undergo secondary modification through 
atrophy of a ray (e.g. Comarocystis^ Lepadocrinus). 

Family 1. £cHiN08PfiA£RiDA.B. Rhombifera in which the thecal plates 
are numerous and indefinitely arranged. So-called pore-rhombs are de- 
veloped, but no pectini-rhombs. Brachioles confined to neighbourhood 
of mouth, unbrandied. Stem, when present, not composed of a single series 
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of columnala This family includes some of the Cystidea earliest 
studied. Echinosphaera and Sphaeronis (p. 71) are found in the rocks 
around the Baltic as round balls filled with radiating crystals of calcite. 
Hence they were known to the older Scandinavian naturalists as ** crystal 
apples," and were, as such, included by Linnaeus in his Mineral Kingdom, 
under the name Aetites, Their animal nature was first demonstrated 
by the youthful Gyllenhal (1772) in an admirable paper. He further 
recognised, not merely their echinoderm affinities, but also that essential 
difference between the tests of the two forms which was emphasised by 
Joh. Miiller eighty-two years later, served as the basis of ZittePs classifica- 
tion, and is still regarded as an ordinal character. So little were these 
forms understood that Konig (1825) placed EcJiinoaphaera aurantium near 
the Ascidian, BoUeniay under the name Leiicophthalmus Strangvxiyn ; while 
in 1846 M*Coy compared a Sphaeronis to the Ascidian, Chelyo$oma. These 



M 




Fig. XIV. 

/•kJiinoBphnera aurantium, after Vol- ^..^tS'^'^ltnJJlflH^^^ 

borth. iSe lettering is explluned in the K^Mn^*!?^i^^ ?Afti? Vo^^^^^ 

wUoining text. Nat. nlze. h^. ^ ^ ^ Volborth.) En- 

comparisons, though based on superficial similarity, with bearing on the 
supposed relationship between Echinoderma and Enteropncusta, have again 
been brought forward by Haeckel (1 896). Genera — Echiaosphaera^ Wahlen- 
berg(1818 ; synn. Orystalloeystis, Citrocystis, Trinemacystis, Haeckel), Ordo- 
vician, Europe, type Echinui aurantium^ Gyll. (Fig. XIV.). The smooth, 
spheroidal theca is composed of some hundreds of irregular plates, mostly 
hexagonal At the aboral pole the plates, arranged in one or two fairly 
regular circlets, form a slight projection (St), by which probably the theca 
was attached, but there was no definite stem. At the oral pole is another 
projection (0), very variable in size and shape ; this, as shown by Volborth 
(1846), supports arms. From the figures published by Volborth (1846), 
Mtiller (1854), Quenstedt (1876), Angelin (1878), and Haeckel (1896), it 
appears that the plates forming the oral projection, as well as the arms them- 
selves, vary in number and position (Fig. XV.). The primitive number of 
arms appears to be three, one anterior, i,e. opposite the anus, and two 
lateral. The two lateral may fork, thus producing five branches in all 
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(cf. p. 1 1). In either of these cases the anterior arm may diminish in sise 
and finally disappear, leaving either two lateral, or two antero-lateral + two 
postero-lateral = four branches in alL The length of the arms and their 
subsequent branching, if any, are unknown. The portions preserved are 
formed of series of brachials, bearing on their adoral (upper) surfaces a 
groove leading to the central mouth, and roofed by small covering-plates. 
The anus (^<), with its pyramid of four to ten plates, lies 1/3 or 1/4 of the 
way down the theca. Between anus and mouth, to the right, is the hydro- 
pore (3f }. The plates of the theca were united by strands of mesostroma as 
in the next genus. Aratknoc^tAi^ Neumayr (1889), of Ordovician age, 
has for type the EcJiinotphaerites infaiutru of Barrande (1887). The 
pear-shaped theca is composed of 200-800 plates of irregular shape and 
arrangement, mostly small, but with a few larger plates interspersed. At 
the narrower end of the theca is a stem, about 40 mm. long, composed 
of five (?) alternating rows of hexagonal plates. At the opposite pole lies 
the mouth, on a slight elevation of larger, irregular plates (not five orals 
as sometimes stated). From these are given off three arm?, composed of 
two alternating rows of plates (biserial), and with a ventral groove roofed 
by small covering-plates ; they may reach 100 mm. in length. About a 
third of the way down the theca is the large anal opening, closed by a 
pyramid of five plates. The hydropore has not been observed. The 
structure of the thecal plates is clearly shown in the Bohemian fossils ; 
between the thin non-porous epistereom and hypostereom lies the meso- 
stereom, penetrated by canals left by the stitmds of mesostroma that ran 
at right angles across the sutures and united the plates. A trace of the 
original path of these strands, as seen in Arutocystisy remains in the form 
^ of canals passing down to the hypostereom, 

one at the ad-central end of each transverse 
canal, and one on either side the suture. 
The centi-c of each plate is solid, and often 
raised in an umbo ; by ideal lines drawn 
from the umbo to the angles of each plate, 
the canals are grouped in triangles, and 
the adjacent triangles of two neighbouring 
plates form a " pore-rhomb." Palaeocydis^ 
Billings (1868), Ordovician, Canada, has 
thecal plates of similar structure. Orocystisy 
Barrande (1887), Ordovician, Bohemia 
(Fig. XVI.), has an oviform theca, with a 
small hexagonal stem (St) of unknown 
length, and near the other ])ole three 
eccentric openings : generally, and 
Fio. XVI. probably with right, regarded as the 

Orocydis Heimhackeri, rpHtored on mouth ; As the anus ; M the hydropore. 
dl^ripSs.'''^^^^^^ The thecal plates are marked with strong 

axial folds, parallel with wliich are smaller 
ridges, all at right angles to tlie sutures. The folds are prol>ably the 
superficial indications of axial nerves, and it is noteworthy that strongly 
marked folds radiate from the six angles of the stem, and that six 
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similar folds lead to the oral aperture (possibly conveying nerves to 
six brachioles). The minor ridges are the superficial indications of strands 
of mesostroma, uniting plate to plate across the sutures, and emerging on 
the inner surfiice in rows of apparent pores. RdxocnMUy Eichw. (1840 ; 
syn. Rdioc^U^ Haeck.), Ordovician, Europe, has for type Echtnatpiiaentes 
baUicut, and therefore includes numerous species of similar structure, 
usually referred to Caryocydis, It differs from Echinoapkaera in the more 
pronouncedly pentagonal, though minute stem, and in the greater orna- 
mentation of the cup by axial folds and ridges. Stichocyttis, Jaekel (1 899), 
has apparent pores in the ridges. Caryocydts was . founded by von 
Buch (1844 and 1846) to receive Eckinoiphaem granatvm^ Wahlenberg 
{SjhaeronUa tettudinanuif Hisinger, turn Audi,), and another species which 
von Buch and all subsequent authors have 
incorrectly supposed to be S, tutudinariuiy 
Hisinger. Eichwald (1859), aware that C. 
granatum belonged to his own HeliocrtntUj justly 
took as the type the second species mentioned by 
von Buch, adding to it C. pumiloy an Echino- 
encrinid. The type of the genus is therefore 
the species universally and erroneously known as 
(7. iestudiinariui, which name yields to C, An- 
gelinif Haeckel (Fig. XVIL). AmorphocydtK, 
Jaekel in Koken (1896), is a simple synonym. 
Caryocydii differs from Heliocrinui in the elon- 
gation of the oral and aboral poles, and the 
elongation of the mouth in the sagittal plane. 
At each end of the mouth-slit, Angelinas figure 
(1878; our Fig. XVIL) shows two facets for 
brachioles (Br) ; it also seems to show two 
openiugs (hydropore, J&f, and gonopore ^, G) 
between mouth and anus. 

FamiIiT 2. C0MAROCY8TIDAE. Rhombifera in 
which thecal plates are numerous and inde- 
finitely arrangeid. Radial structure of stereom 
strongly marked, but no definite pore-rhombs or 
pectinirhomba Food-grooves on free exothecal 
brachioliferous processes. Columnals in a single 
series. Genera — Comarocydis^ Billings (1854), 
Ordovician, Canada. Theca ovate, may be over 
7 cm. high, composed of about 150 mostly 
hexagonal plates, with strongly marked radial p,^ ^vii. 

striation of the stereom, especially towards the caryocyttu Anaaini (c. ttatu- 
margins, which are raised above the umbones dinaHvs, Aucttx (Aitir An- 
of the plates. Mouth -slit transverse, with a ** "* ^ ** 
pair of nniserial brachioliferous arms at either end. Theca flattened 
in mouth-plane. Anus below arms on right side. Hydropore above level 
of anus, near the posterior margin of the mouth. Stem longer than 
theca ; columnals low, circular, with moderately vride lumen. AehradoqfdiSy 
Volborth (1870), Ordovician, Russia, appears to have an anal pyramid of 
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eeven plates, and a very highly developed stem. Thecal plates have 
strong radiating ridges, marginal concentric ridges, and suture margins 
toothed on the inside in correspondence with the ridges. Since this struc- 
ture is not unlike that in Comarocystis, the genus is provisionally placed here. 
Family 3. Macrocy8tellida.b. Rliombifera in which the theca 
consists of three or four circlets of plates, subjected to a more or less 
r^;ular pentamerism. The stereom is strongly radiately ridged or folded, 
but no so-called "pores" or pectinirhombs are developed. Brachioles 
are borne by the upper circlet of plates, and within these there may have 
been tegminal plates over the mouth. There is perhaps no intimate 
connection between the two genera referred to this family. But they 
are both Cambrian, and show an early development of that tendency to 
reduce the number of plates, which eventually evolved the Glypto- 
^cystidae from a different branch of the Rhombiferi. The Macrocystellidae 
were probably derived from Eocystidae without passing through an 
Echinosphaerid stage. Genera — Macroq/stella, Calla- 
way (1877), Upper Cambrian, Shropshire. Theca 
seen from the side (Fig. XVIII. 1) shows four circlets 
of plates, apparently five in each circlet Those of 
the aboral circlet are low and pentagonal ; those of 
the second and third circlets hexagonal and rela- 
2 tively large ; those of the fourth circlet about half 
the size of those in the third, sub-pentagonal, and 
each bears a brachiole. These almost immediately 
bifurcate, making ten branches in all, about as long 
„ as the theca is high, and apparently biserial ; covering- 
plates are distinct. There were probably tegminal 
plates above the origins of the bi-achioles. Thecal 
plates strongly marked with radiating folds, which 
divide the surface into triangles ; between them are 
smaller folds. No fine rhomb structure is seen. 
Anus unknown. Stem rapidly tapering, about half 
as long again as total length of crown ; proximal 
columnals low and imbricating, with very wide 
lumen ; distal columnals long and narrow. Mtmo- 
cystisj Barr. (1887), Ordovician, Bohemia, does not, so 
far as can be gathered from the published description, 
differ from MacrocysteUa in any essential Lichenoides, 
Fio. xviii. 3^^j. (jg4g^ jgg7. pojnpeckj, 1896; syn. Licheno- 

1, iSonT^side* (recon- cystisy Haeckel), Cambrian, Bohemia and Bavaria. 
Miw^^7528^'and ET524)' '^^^^ composed of rounded jjlates of very different 
x iV 2-4, portion of a sizes, but semi-regular in arrangement At the base 
Ii?e.^o5ai.lnd%e.i3 ^^ ^^^ ^ ^^«1^« ^^^"^^ P^ates, indicating absence of 
Hurfacea ; 5, single plate stem and probably of fixation, at all events in adult 
MuV^^Tsl^^^nrsiz" * Above those is a circlet of five irregularly pentagonal 
large plates. Resting on, and to a certain extent 
alternating with these, are six or seven plates of similar size. A circlet 
of smaller plates, alternating with the last mentioned, forms the summit, 
and bears about eight biserial unbranched brachioles. No anus observed. 
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All plates except the minute ones at the base were united by strong 
stroma-strancls across their sutures, and these form pore-rhombs. 

Family 4. TiARACRiiJiDAK. Rhombifera in which the plates forming 
the sides of the theca are unauired in not more than two circlets, and the 
plates of each circlet are transversely united by strongly marked pore- 
rhombs. The genera, though clearly separated as offshoots from the 
Rhombifera, do not form a very coherent group, and need careful description 
by a well-iuforiiie<l worker. T:amcnini.% Schultze (1867, Syn. StaarosoTna^ 
Bai'rande, 1887), Devonian, Eifel, and Bohemia. Theca cup-shaped or a 
truncate spheroid, the sides composed of four large, interradially situated 
plates, one of which is (? only in some cases) horizontally bisected. These 
plates are united by strongly marked stereom-foldiJ, raised above the 
surface, and forming demi-rhombs. The composition of the oral surface is 
unknown, but there seems to have been a central mouth, with food-grooves 
radiating from it towards the margin, where brachioles probably arose. 
An anus seems to have pierced the margin at the summit of one of the 
triangular side-plates. Stem- facet four-sided, with angles radial ; lumen 
small. lUuimbifera, iJarrandc (1867 and 1887), Ordovician, Bohemia. 
Theca elongate, triangular in section ; appears composed of two circlets — a 
lower, of three plates united by strong stereom-folds, visible exteriorly only 
as terminal pores outlining " pore-rhombs " ; an upper, of six (?) plates, of 
which three pairs are imited by pore-rhombs, similar to those of the 
lower circlet, and vertically above, not alternating with them. Oral 
region unknown. Aborul region passes gradually, by smaller plates, into 
a cylindrical stem. The structure of the ]M>re-rhombs and the trimerous 
symmetry suggest comparison with Caryocrinidae. Rhombtfira mira, 
Barr., is usually considered to be a 
Stephanocrinus. Aethoajdis, S. A. Miller 
(1892), Silurian, Indiana, may be placed 
here provisionally. 

Family 5. Malocystidae. Rhombi- 
fera in which thecal plates are numerous 
and indefinitely arranged. Radial folds 
of stereom often pronounced, but minor 
rhomb-like striae not clearly seen. Food- 
grooves on exothecal processes passing 
over the theca and bearing brachioles. 
Coliminals (when known) in a single 
series. This Ordovician family shows 
the independent evolution of a structure 

common in a later family, Glyptocystidae, 2 13 

viz. the extension from the mouth over fio. xix. 

the theca of series of alternating plates, Amvgtiniocystu fioreali*. i,from8ide; 
8upix>rting a single series of brachioles. »■:,u'SS:^'^;diSS5'rK 

The alternating series is not so com- Mome brachioles ; Bf, facet for attach- 
V A 1 • r\y i. A- J J *!. nient of same. Original, from specimen 

plicated as in Glyptocystidae, and the belonging to Dr. G. J. Hinde. 
food-groove passes, not on the top of it, 

but along its sides. The main grooves appear in all cases to be reduced 
to two ; but these may branch and wind round the theca as in the later 
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form, Sj^Merocyttis (p. 63), or may remain aimple, and Btretcli in the 
transversal plane. Genera — Malocy$ti$, Billings (1858). Chazy Lime> 
stone, Canada. Theca globular. In the type-species the grooves branch. 
Am/ygdalocyttis^ Billings (1854), Trenton Limestone, Canada. Theca 
(Fig. XIX.) flattened in plane of food-grooves, and elongate. Grooves 
never branched. 

Familt 6. Glyptoctstidab. Rhombifera vrith stem, theca, and 
brachioles. The theca composed of five circlets of alternating plates, 
typically five in each circlet In first (aboral) circlet, right posterior 
(r. post) plate is always fused with right antero-lateral (r. ant) plate. 
Anus, with valvular pyramid, between second and third circlets, in right 
posterior interradius (r. post IR). Hydropore in adoral circlet, always 
opposite unpaired arm-groove, and thus defining posterior interradius 
(post IR). The trans-sutural foldings of the stereom (pore-rhombs) are 
restricted in distribution but exaggerated in structure (** pectinirhombs "). 



no. XX. 

. expUined 

Qlyptocystidae. The plates numbered m in Fig. XX 



Actnal distribution of pore-riiombs expUined J^ supposed course of gut in primitive 



One of them invariably unites the left posterior plate of the first aboral 
row with the left anterior plate of the second row. Mouth central ; from 
it over the theca radiate food-grooves, primitively 5, by reduction 4 or 2 ; 
these are bordered by the plates of the adoral circlet, or by plates 
derived from their proliferation ; and these side-plates bear facets for 
brachioles of biserial structure. This family is perhaps descended from 
primitive Echinosphaeridae, in which a natural tendency to the develop- 
ment of five food-grooves (one ant, single ; two lateral, paired) was 
accompanied by decrease in number, and increase in size and thickness, 
of the thecal plates, together with their arranp;ement in five alternating 
circlets of five (as in Mimoofstis). The diminution of the thecal cavity, 
we may suppose, pressed the coil of the gut against the body wall; 
thus the respiratory function was hindered in the pore-rhombs along this 
tract, so that they disappeared, while it was thrown more on the remain- 
ing pore-rhombs, which became highly developed (Fig. XX.). The process 
continued till only three pair of intensely folded areas were left, one at 
the base on the side opposite the anus, the others above the anus to 
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the right and left of it ; from their likeness to combs, these areas are 
called pectinated rhombs, more shortly " pectinirhombs." 

We may reconstruct a form like that analysed in Fig. XXL as a type 
(probably ancestral) from which every known genus of this family may 
easily be derived. In this archetype two plates (r. post and r. ant) 
of the aboral circlet are fused tc^ther, so that the total number is 
twenty-four ; numbers are attached to these in the diagram, after a plan 
originated by Forbes. The following statements may safely be made 
concerning this archetype, those applying equally to the whole family 
being italicised : — S u the double plate ; a pectinirhomb joins 1 <D 5, 
while other pectinirhombs were probably distributed as in Fig. XX. ; the 
anue i$ in right poeterior IB, between plates' 7 and 8, and below 13 ; it is 
protected by a valvular pyramid, surrounded by a ring of smaller plates ; 
20-24 lie between food-grooves, and are therefore interradial ; the 

'"^ Ip- P r.p. r.a. & 

,A /fii ^ A A 



Ci/ Ci) UJ CZ> 

Fio. ZXI. 

Amngtment of pifttes In the snppoMd arcbetype of the OlrptocyattdAe. The attached 
numbera are those nven by Forbea. The lettexa at the top, read nrom left to right, denote : 
left anterior Interradioa A Fadioa ; left poaterior interradina A radina ; poaterior interradiua ; 
right poaterior intexradioa k ladina ; right anterior interradiua & radina ; anterior ladina. Plate 
S8 bean the hydropore and gonopore ; the notchea in platea 15 to 10 represent the primitive 
poaition of five food-grooves ; between 7, 8, and 18 Ilea the anna. PecUnirhomba not ahown. 

hydropore, definiug the posterior interradius, is in 23, and above it is 
a semi-luuar pore of unknown function (genital or excretory) ; opposite 
these is the unbranched anterior food-groove, passing to plate 15 ; the 
branches of the right groove pass to 18 and 19, those of the left groove 
to 16 and 17 ; at the end of each of the five main grooves is a facet, 
bearing a brachiole eompoeed of two aUemating series of ossicles {^^hisenaV) ; 
the foodrgrooves of both brathioles and tegmen are pr<3tected by small covering- 
plates; the theoa is borne on a stem, which at its proximal end has low 
columwUs with a wide Iwmeny and which tapers distaUy. Modifications of 
this type take place in the following directions: — Enlargement of the 
ring of small plates around the anus, into a region of scaly, flexible 
integument {Cheirocrinus, Olyptocystis, Pleurocystis) ; the accentuation of 
the relations of the five main grooves to plates 15-19, coupled with 
the sinking of those plates between those of the third series {Cheiroerinusy 
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CygtobUutus) \ the extension of the subvective Bystem over the thecal 
plates, by the proliferation from plates 20-24 of alternating series 
of plates, in which every other plate bears a brachiole (Schizoqfdis, 
Glyptocystis, LepadocystUy CallocyitiSy SphaerocydiSf Lepadoerinus, Pseudo- 
crinns) ; the atrophy of the anterior groove (partially in GlyptocygUs^ more 
so in Prunocystis and SchizocystiSf wholly in Lepadocrinusj Sjiuierocygtisy 
and Strobilocyftis) ; atrophy of two side grooves in addition (Schizocystis, 
Pse^idocrimiSy Pleurocydis) ; restriction of pectinirhombs to sutures 
between 1 & 5, 14 & 15, and 12 & 18 {Prunocystis^ Schizocystis, Psevdo- 
erinus, Lepadocrin%u, Callocystis), None of these characters can be taken 
as a basis of classification ; each group so formed would include genera 
very diverse in other respects ; doubtless the same structures have in 
many cases been independently attained. Happily certain relationships 
seem clear, and round them the genera may be gathered into sub-families. 
Sub-Familt 1, EcHiNOENCRiNiNAB, passes from the simple form 



1 



<h ^ <b ^ 



Fio. XXIII. 

Analysis of Echinoencrinut, original, after 

specimen E1205 in Brit. Mas. Fm. XXIV. 

Fia. XXII. PrunocystisFUtckeHitron 

Eehinoencrinrui Sencken- Brit. Mus., 40207X -Sik. 

Urgi, after Jaekel. pectinirhorab. x 4 diam. 

Echinoencrinug, in the direction of extension of two of the lateral grooves 
over the theca, through Pmnocyslxs to Schizocystis; pectinirhombs 1 & 6 and 
14 & 15 always, 12 & 18 frequently present, but no others, except 1 & 6 
in Echinoencrinus, Genera — EchinoencrinuSy H. v. Meyer (1826;synn. 
Gon^:rinus, Eichwald, 1840, and Sycocystis, von Buch, 1845 ; see also 
Volborth, 1842), Ordovician, Russia, differs from the imagined archetype 
in restriction of pectinirhombs to 1 & 5, 1 & 6, and 14 & 15, and 
in apparent bisection of plate 23 (Fig. XX 111.). The main grooves 
may support five brachioles, or only two, or may branch yet more ; in 
any case the facets are always dose around the mouth. Anal region often 
prominent (ErinocyitiSj Jaekel, 1899). The plates usually have strong 
radiating folds, often crossed by finer concentric ridges (Fig. XXII.). 
Here Jaekel (1899) places his Olaphyrocysiis and Scoliocystis^ Ordovician, 
Russia Prunocystisy Forbes (1848), Silurian, England, includes P. 
Fletcheri and EchinoencriniLs baccatus^ Forbes (Fig. XXIV.). Theca 
*' shaped like the fruit of a dog-rose." Adoral row of plates increased 
in number. Pectinirhombs on 1 & 5, 14 & 15, and 12 & 18 only. 
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Brachioles clustered round mouth, probably five, slender, and comparatively 
long. Schizocystis, Jaekel (1896), Silurian, England. T^pe, Echinoencrinus 
armaXuSy Forbes (Figs. XXV.-XXVII.). Arrangement of plates and rhombs 
as in Prunocystis ; rhomb 12 & 18 sometimes absent Ant., r. ant., and 
I. poet food-grooves almost or entirely atrophied ; 1. ant. groove extends 
nearly half-way down the theca on to plate 11, is floored with alternating 




XXV. 

?io8. XXV. & XXVI. 

(kizoeyttU armcUut (t\ 
. Mu8., E75S9 & E75 
XXV. from abo 
fl. from the abe 
As^ anus; lir', fw 
brachioles ; /p, flooi 
es of snbvective groo 
ig. XXVI. the impreMi 
hese are aeen in the di 
part of the groove ; Jth^ the 
iwctinirhoinb of plates 14 St 
15 ; atf part of stem. 



XXVI. 



Fio. XXVII. 

Analysis of Schizocystis. Plates 11 «( IS 
are notched by the food -grooves. Plate 23 is 
double, and bears hydropore and gonopore. 



plates, bears about five brachioles ; a similar extension of r. post, 
groove to plate 13 is checked by anus, and bears only three brachioles. 
Sub-Family 2, Callocystinae, starts from a form in which all five snb- 
vective grooves, with the usual flooring plates and brachioles, pass over 
the theca, as in Lepadocystis ; and diverges (a) by suppression ot grooves, 
without branching, into Lepadocrinus and Pstudocrinus ; (6) by branching 
of grooves, with subsequent suppression, into CaUocystis, Sphaerocystis, and 
Strobilocystis ; pectinirhombs 1 &5, 14 & 15, 12& 18 probably always 
present Genera — Lepa- 



docystis, P. H. Carpenter 
(1891 ; syn. MeekocystU, 
Jaekel, 1899), Ordovician, 
Indiana (Fig. XXVIIL). 
Theca ovoid ; plates around 
anus slightly altered from 
the archetypal position. 
Pectinirhombs on 1 & 5, 
12 & 18, 14 & 15, and 
10 & 15. Main grooves 
five, stretching a short dis- 
tance over theca, one to 
each plate of fourth circlet. 
LepadocrinuSy Mather 
(1843?; Conrad, 1840 
Staurocystisy Haeckel, 1897 










Q?0 




Analysis of 
n\ & 1873). 
lydropore on plate 28. 

Hall, 1859: synn. 
? Hallicystis, 



Fio. XX VI II. 

is Mooreif based on Meek's flguren 



(1871 & 1873). Plates 15 to 19 notched by food-grooves ; 



ApiocystiSy Forbes, 1848 ; 
Jaekel, 1 899 ; includes 
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P9eudocrinu8 quadrifdiciatui and P. obl<mgu$\ SUurian, North America, 
England, Scandinavia (Fig. XXX.). Plates much as in Lepadocydis, 
Pectinirhombs onl&5, 12&18, 14&16 only. Main grooves four, 
the anterior being aborted, extend over theca to a degree that dilTers 
in different species, and is always less in younger stages. PieudocrinuSj 



Pio. ZZIX. 

Analyais of P$mioarinuB, bsMd on spedmens in 

the UriUsh MuMum, especUUy 40108. 



Fio. ZZZ. 
Reatoml UpadoeHnui quadrlfimUUvi. The Mrm- 
lets of the outer rows are erect ; those of the middle 
row depresMd. Near the top of the left-hand qoarter 
is the anus ; near the top of the right-hand quarter 
is a pectinirhomb. By permission of the Keeper of 
the Geological Dept., British Museum. 



Pearce (1842, redescr. Forbes, 1848), Silurian, England (Fig. XXIX.). 
Resembles a Lepadocrinus in which all main grooves are aborted except 
apparently r. post and 1. ant. The grooves are the same as those of 
SrKizocystiSy but their relation to the thecal plates and anus is as in 
LepadocrinuL The theca is compressed so as to have two almost flat 

oval sides, fringed by the 



A A OC\ /0\ /lo) ^>rachioles of these grooves; 

m\ ltt\ / *^f / \ J \y one side contains the anus 

y— \ "--^it: l)/0 and pectinirhomb 14 & 15, 



and pectinirhomb 14 & 15, 
the other contains pectini- 
rhombs 1 & 5, and 12 & 18. 
Callocystis, Hall (1852, syn, 
Anthocystis, Haeckel), Silurian, 
. J y^^^r ^ ^ North America (Fig. XXXL). 

/7\\^^^ rr\ / 3"N Plates 10, 12, and 14 are 

\^ SZU \Zj \— -y sunk down between 6 and 7, 

FIG. XXXI. 8 an-^ 9 respectively, so as t» 

Analysis of OoUoc^U^evwtti based on Hall's figures, rest on 2 and 3 ; thus there 

appear to be eight plates in 
the second circlet Con traii wise, by the vertical elongation of 7 and 8, 
13 is raised between 18 and 19. The remaining plate of the third 
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circlet is reduced in size and tometimes quite atrophied. Pectinirhombs 
on 1 & 6, 12 & 18, 14 & 16, as usoal. Main grooves five, pass nearly to 
base of theca ; one or more of the grooves may bifurcate once towards 
the distal end. Sp^a^rocys^ Hall (I860), Silurian, Maryland. Theca 
spheroidal. Main grooves four, each with three to six branches. Plates 
undetermined ; pectinirhombs, anus, and hydropore situated as in Lepado- 
erintu, StrobUocyttis, White (1876), Devonian, Iowa, resembles SjMero- 
cyttiiy but the branches have become "small secondary arm -grooves 
extending obliquely downward from each side of the principal grooves." 
Sub-Family 3. Gltptoctstinab. Besides the negative characters of 
irregularity in the shape of the plates and in the distribution of pectini- 
rhombs, the only feature common to the included genera is the evidence 
they offer of descent from a simple form like Cheirocrinus, The number 
of pectinirhomb" connects Cheirocrinus with CystobUuiuB and Glyptoajdis ; 
the enlargement of the anal area connects it with GlyptoeystisBnd Pleurocystis; 
the relation of the third circlet of plates to the fourth is another link with 
OyiitoMauttu. Genera — CheirocrinuSj Eichwald (1856 and 1869 ; see also 










Pio. XXXII. 
AnalTsifl of Cheinerinxu penniger, modified ftoui Fr. Schmidt. 

Schmidt, 1874, under Olyptoey8t%$% Ordovician, Russia, and North America. 
The chief departures from the archetypal arrangement of plates are 
correlated with an increase in size of the anal area, which is covered with 
numerous small plates, and surrounded by plates 7, 8, 12, 13, and 14. 
This in C, pmniger, the type-species, induces the vertical fission of 18 
(or intercalation of 18a), and sinking of 12 on to 2 ; the pushing of 16 
to the right over 10, and sinking of 10 between 9 and 6 on to 4 ; the 
pushing of 17 to the left over 11; the consequent sinking of 16 between 
10 and 11 on to 6. In (7. VcHhorihi the plates of the third row are not 
sunk, but raised between those of the fourth row ; this is a change in 
the direction of Oydoblastv^ The distribution of the numerous pectini- 
rhombs varies with the species, and, to some extent, with the individual ; 
those on 1 & 6, 1 & 6, with the demi-rhombs 1 & 4, 1 & 2, are constant 
The arrangement in one specimen of (7. pennigtr is shown in Fig. XXXII. 
Beversiors io the older and simpler type of rhomb structure occa- 
sionally occur {e.g. 13 & 18a in the figure). The five main grooves 
pass between plates 20-24 to plates 16, 16, 17, 18a, and 19 ; they are 
rather wide and fringed with short brachioles. The threefold division of 
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plates 20-24 in C. penniger is the first stage iu the proliferation of those 
plates to floor the food-grooves ; more advanced stages occur in other 
species, thus leading to Glyptocystis, HomoqfstiSf Barraude (1877), Ordo- 
vician and Silurian, Bohemia, rtisembles Clieirocrinus in the shape of the 
theca, the number of pectinirhoiubs, and the position of the anus. The 
mateiial does not permit more precise comparison. Glyptoeystisy Billings 
(1854 and 1858), Ordovician, Canada. Theca ovoid (Fig. XXXIIL). Anal 

area less large than in CJieiro- 
crimc8y enclosed by 8, 13, and 14. 
Plate 16 sunk on to 5, as in C. 
jycnniger ; thus 11 is pushed to 
the right, and both 11 and 12 
are reduced iu size. Pectini- 
rhombs 1 & 6, 1 & 6, 10 & 14, 
10 & 15, 13 & 17, 15 & 16, 16 
& 17, 17 & 18, 18 & 19; demi- 
rhomb 10 & 16 ; imperfect 
rhombs, 7 & 8, 11 & 12, 15 & 
Fio. XXXIII. 19^ Main grooves five, passing 

Analysis of Glypfocgeismum^^ fh>in q^^^, ^^^ ^^i^iiSL, by way of plates 

15-19 ; all nearly reach the base 
except anterior groove, which is checked by pectinirhomb 10 & 15. 
The resemblance of the grooves to those of Callocystinae suggests that 
that sub-family was derived from Glyptocystis itself; but this is nega- 
tived by the different modification of the thecal plates. Pleurocydis, 
Billings (1854 and 1858), Ordovician, N. America and Britain (Fig. 
XXXIV.). Anal area so large as to occupy almost all one side of the theca 
with its numerous small plates, the anus being at lower right-hand 
comer of the area, which is bordered by plates 3, 2, 7, 12, 13, 14, 8. 
Correlated with this is a flattening of the theca in 1. post, and r. 
ant plane, the atrophy of all main grooves except the two in that 
plane, great diminution in size of plates 15-19, as well as 13. Pectini- 
rhombe 1 & 5, 11 & 12, 10 & 14; the two latter are analogous 
to, not homogenetic with, pectinirhombs 12 & 18, 14 & 15, in 
Callocystinae, Each main groove ends in a single long and sturdy 
brachiole, of the usual biserial structure, with stout covering -plates. 
The stem is longer than usual in the family. The curious homo- 
plastic resemblance to the Anomalocystidae (p. 52) led Haeckel to 
place Pleurocydis in that family, though it difi'ers in every essential 
structure. CystoblasiuSy Volborth (1867 and 1870), Ordovician, Russia 
(Fig. XXXV.). Imagine a Chdrocrinus in which plates 10, 11, 12, 
and 14 are still further pushed up between those of the fourth circlet 
than they are in (7. Volhorih% in which plate 13 has entirely dis- 
appeared so as to compensate for the asymmetry induced by the 
anus ; in which the arm-grooves, of the usual structure, are stretched well 
into plates 15-19 and limited to those plates, as in C, sculptus: then you 
will have such a form as Cystohlastus. It need only be added that the 
anus is surrounded by plates 8, 14, and 19 ; and that pectinirhombs 
1 & 5, and 1 & 6 remain as before, while demi-rhombs unite the plates 
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which now form the third circlet, viz. in order, 14, 16, 10, 16, 11, 17, 
12, 18, 19. The superficial resemblance of Cystobladus to certain 
Blastoids has led most 

writers to imagine a true ztA^ ^ -^^ (tS[ 

relationship. This involves /^^-^ ^^s -- 

the entire disappearance r^K^j (n r ^ 

of plates 5-9 ; the homolo- 
gising of the plates here 
called 10, 11, 12, and 14, 
as well as the absent 13, 
with plates 20-24, and the 
consequent disappearance 
of plates 10-14 also ; the 
violent supposition that 
the horizontal transverse 
or tangential folds of the 
demi-rhombs in Cyttobkutta 
originated the radial or 
vertical folds of the hydro- 
spires in Codaster; as well 
as such minor points as 
tlie shifting of both anus 
and hydropore, and the 
fusion of two pair of basals, 
neither of them the same 
pair as composes plate 3 of 
CystobladvA 

The structures of the 
subvective grooves in the 
more highly specialised 
genera of this family have 
often been spoken of as 
'^ recumbent arms." They 
differ, however, from the 
arms of Crinoidea in origin 
as well as recumbency. From 
the subvective structures of 
Olyptosphaeridae and Pro- 
toblastoidea, they differ 
in that the brachioliferous 
plates are not thecal plates 
or even intercalated be- 
tween such plates, but lie 
outside them and often 
transgress their sutures. 

Family 7. Caryocrin- 2 

IDAS. Rhombifera in which 

the theca is composed primitively of four circlets of plates, comparable to 
the infrabasal (IB), basal (B), radial (R\ and deltoid (A) circlets of a crinoid 



Pio. XXXIV. 

Pk^roeyUU fUUex- 
tHM, 1, aiuUyiu; 9, 
Tiew fh>in antenai 
side. rMtoiod firom 
offgiiud obMTvatioiM ; 
8, Tiew fh>m aiial side, 
aft«rJMkel. 
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with dicyclic baae (p. 99X and dominAted by trimerous syminetry. IBB 4, 
the two on either side the anal intemdiui apparently being produced by 
fusion of two original pairs. BB 6 (ten in JMfrooyitu). Alternating with 
BB are 6 RR, between which, on the anterior side of the cup^ two or three 
interradials (iR) may be developed. (In JJtftMveyi^ the iRR also alter- 
nate with the BB.) On the interior of all these plates the stereom is 
thrown into strong folds, forming bundles of laminae at right angles to 
the sutures ; on the exterior the ends of the folds are marked by pores, 
each surrounded as a rule by a raised rim, and sometimes broken up into 
two or more smaller pores. Since the laxninae correspond in position and 




<^ i^:) o (D c\ 

<b ^ <b CD^ 



Fio. ZXXV. 

CytiMoMlut Uiuxkttinbtrgi, aftor Volborth. 1, oral turftwe ; 2, posterior ; 8, abonl lurteM : 
4, aoAlyiris ; «.]), plates flooring arm-grooTM ; 0, mouth ; A$t anna, tha poaition of which ia 
indicated by * in 1 ; If, hydropora between 18 a 10 ; Sr, attachment of stoni. 

essential structure to ordinary pore-rhombs, the pores necessarily run in 
lines from the umbones to the angles of each plate (Fig. XXXYI. 3, 4) ; these 
structures may have helped in respiration ; but are in no sense homo- 
logous with Blastoid hydrospires. The three primitive food-grooves (ant, 
r. aud L) are of equal size and bifurcate in like manner. The proximal 
portion tends to be hypothecal ; then a short portion lies on the theca 
like the '^ recumbent arms" of Uie Qlyptocystidae ; the distal portion is 
freely exothecal, biserial, and brachioliferous. Stem well developed, 
circular in section. Genera — Hemtcasmttes, von Buch (1840, redescribed 
1845 ; see also Joh. Miiller, 1854 ; syn. HexalaeygtiSy Haeckel), Lower to 
Upper Ordovician, Russia, and perhaps Silurian, N. America. Com- 
paring the dorsal cup (Fig. XXXYI. 3) with a crinoid cup, we may 
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imagine the anterior radios to be doubled, concurrently with the 
bifiircation of the anterior arm, and may therefore speak of the left and 
right anterior RR and IBB <and the anterior B, while the other plates 
retain their usual names. The three iRR rest on the truncated upper 
maigins of the anterior and right and left antero-lateral BB, and are half 
the width of the RR, but quite as high. The anus, with valvular 
pyramid, is left of the posterior interradius, be'mg in fact below L post. 
R, and between L post and post. BB. The tegmen is solidly covered 
with nine plates alternating with the nine plates of the radial circlet 
(Fig. XX.XVL 1). These plates have no pores like those of the dorsal 
cup (but the posterior one is rugose at its adoral end, and appears to have 
been pierced by a hydropore). From the central mouth three food- 
grooves run over these plates towards the anterior and the right and left 
antero-lateral RR The mouth and grooves are protected by relatively 
large irregular covering-plates. At the end of each groove is an oval 
area over which passed the base of a biserial arm, which became free almost 
immediately. Oaryocrinua^ Say (1826, see von Buch, 1845, and Hall, 1852 ; 
synn. StinbaioqfiHsy S. A. Miller; Ennefwy$ti^ Haeckel), Upper Ordovician, 
Scandinavia, and Silurian, N. America. Dorsal cup (Fig. XXXVI. 4) differs 
from that of HemiamwUes only in absence of anterior iR, and of anus, the 
latter having moved up to the tegmen. The covering-plates of the food- 
grooves have become larger and incorporated in the tegmen (Fig. XXXVI. 2\ 
so that the grooves are subtegminal (cf. Crinoidea Camerata) ; but 
end in facets on the margins of the RR and iRR. Since the grooves 
branch while beneath the tegmen, these facets are more than three, though 
still distributed into a left, right, and anterior group. In the growth of 
the individual. Hall has noticed successive stages with from three to 
fourteen facets ; six and nine are fiEdrly common, but for adults thirteen 
is the usual number, the thirteenth being added on the right of the anus. 
Hall describes the arms as composed proximally of ^semicircular, and 
scarcely interlocking ** ossicles ; distally the brachials alternate so that 
the arm is biseriaL Each brachial bears a grooved pinnule, perhaps also 
biseriaL In Coryloerimu and Juglandocrimu (both von Koenen, 1886), 
Upper Ordovician, South France, the composition of the dorsal cup (Fig. 
XXXVI. 6) is the same as in Oaryoerinut. The tegmen of Corylocirinui 
is composed of four plates, of which the right, left, and anterior bear arm 
lacetS) apparently as in HemicormiUa; the posterior tegminal plate is very 
thick and porous (a madreporite). In Juglandocrintu (Fig. XXXVI. 5), as 
in a young Oaryocrinwy the food-grooves are subtegminal, and come to the 
surface on the upper margins of three large plates, which are right, left, 
and anterior in position, and alternate with -three smaller plates. These 
six plates exactly correspond to the t^;minal plates of EemteoamtUs; a 
central plate over the mouth, and three plates covering the food-grooves, 
represent the covering-plates of that genus. This interpretation of von 
Eoenen's obscure genera was partly suggested by P. H. Carpenter (1891). 
An anus was doubtless present, though not observed in the imperfect 
specimens. Heterocystisy Hall (1852), Silurian, New York (Fig. XXXVI. 7), 
appears to have been derived from Hemtcoamttes by the vertical bisection of 
4 BB (viz. r.post, r. ant.-lat, ant, 1. ant-lat), thus producing 10 BB ; 
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Fio. XXXVI. 

Caryocrinidae. 1, tegmeii 
of HemieoamUeif x f ; the 
Itlatefl covering the mouth 
ftre removed. (FYom Brit. 
Mum. E7591.) 2, tM;inen of 
Caryoerinm, x2. (Modifled 
from P. H. Carpenter.) 8, 
Rnalyaia of Uemicomitet. 
(Original.) 4, analysis of Ca- 
ryoerintii (based on various 
figures). 5, tegmen, and (5, 
analysis, of Juglandocrinus 
(based on von Konnen's 
tigui-cs). 7, analysis of lit- 
Ivrocystis (base<l on Hall's 
tlgures). 

'Die three primitive rayN 
are distinguished ns ant., r., 
and l. The four circlets are 
marked IB, D, 11, & T (teg. 
minalsX Among the teg- 
minals, that marked ilf is 
connected wlUi the hvdro- 
pore. Plates intercalated 
m Jl circlet are marked ill .- 
Br', facets for brochioles. 
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the corresponding broadening of L ant B ; tbe sinking of the 6 RR, 
and 3 iRR, so as to alternate with the 10 BE, except in posterior 
IB, which is entirely occupied by anal plates ; the repeated bifurcation 
of the arms, as in Coryocrinus^ but probably to a greater extent, accom- 
panied by an increase in number of tegminal and accessory plates, the 
arrangement of which is unknown. Stereom-folds are visible. Thecal 
plates nodose (cf. HemicoamiU$\ hence the name of H, armaius given to 
the only specimen known. 

Throughout this family there is no strict correlation between the arms 
and the cup-plates. There is in both structures a dominance of the 
number three or six, it is true ; but each arm has not its own radial plate 
supporting it, as in Crinoidea. Indeed, an arm may be borne by a plate 
that, on all other grounds, would be considered as interradial. Moreover, 
the trend of evolution in the family is parallel to the probable evolution 
of early Camerata, rather than towards that or any other Crinoid type. 

Order 3. Aporita, Zittel (1879, restr.) 

Cystidea in which pentamerous symmetry affects the food- 
grooves and thecal plates, probably also the nerves and ambulacral 
vessels, but not the gonads. The food-grooves are exothecal and 
circumoral. The stereom and stroma show no trace of folds, 
rhombs, diplopores, or anything other than the finely porous 
structure characteristic of all Echinoderm stereom. 

One may regard this order as a backwater in the stream of pro- 
gress, derived perhaps fron^ the Ehombiferi, but leading nowhere 
in particular, and only retained because the forms referred to it 
cannot be placed elsewhere. The arrangement of the thecal plates, 
and a homoplastic resemblance to Hypocrinus (p. 178), have sug- 
gested to some a connection with the Crinoidea. 

There is only one family, the Crtptocrinidae, and in it the thecal 
plates are arranged in four circlets. OryptocrinuSy von Buch (1 840 and 1845), 
Ordovician, Russia (Pig. XXXVII.). Theca small, irregularly spheroidal, 
composed of four circlets of plates. Aboral r^ relet of three unequal plates, 
produced by fusion of an original five, the ifused plate being in right 
anterior interradius. Above these is a circlet of five rather large hexagonal 
plates, following on and alternating with which are five smaller sub- 
pentagonal plates. These surround an irregular pentagon in which are 
the minute plates of the fourth cirdet, and other small tegminal plates. 
Five main food-grooves lead from the mouth to facets borne by these 
adoral plates. The free brachioles rising from the facets must have been 
slender. The anus, with valvular pyramid, lies between two plates of 
the third circlet, either supported on a plate of the second circlet, or 
separated therefrom by a small supplementary plate. The hydropore 
appears to have been in the adoral plate opposite the anterior food-groove, 
and left of the anus, which therefore occupies much the same position as 
in Qlyptocystidae. Another pore, perhaps excretory, lay in the adoral 
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plate on the left, that ia, oppoaite the anus. There was a slender stem 
of circular columnals. LyioeyiUi, S. A. Miller (1889, proposed for SMno- 
ofiUsy Hall rum Wjville Thomson; syn. SedoefstiSf Qregory, 1897), 
Silurian, N. America. Theca sub-pentagonal, composed of four circlets of 
plates. Aboral circlet of four (Y) small plates, followed hj two circlets of 
five plates each, regularly alternating, and an adonJ circlet, number un- 
known. Apparently thi«e free brachioles, possibly becoming tiYt by the 
usual bifurcation. Anus at adjacent upper angles of two plates of third 
circlet. In the only known species the plates of second and third drdeta 
were strongly nodose. Stem unknown. 





Fio. XXXVII. 



Cryptoerinui. 1. from oral surlkco ; 2, enUrjced view of oral region, the tegminal platM 
removed ; 8, aboral view ; 4. side view. (All diagranunatised ftx)m Jaekel.) A$, anoa ; BK, 
fkcete for brachiolee ; M, hyaropore ; p, another iK>re ; St, facet for stem. 



Order 4. Diploporita, Zittel (1879, emend.) 

Cystidea in which radial symmetry affects the food-grooyes, 
and by degrees the thecal plates connected therewith, but not the 
interradial thecal plates ; probably also the nerves and ambulacral 
vessels, but not the gonads. The food-grooves are epithecal, ie. 
are extended over the thecal plates themselves without intermedi- 
ate flooring ; they are also prolonged on to exothecal brachioles, 
which line the epithecal grooves. The stereom of the thecal platee 
may be thrown into folds, but the mesoetroma does not so much 
tend to lie in strands traversing the sutures, nor are pectinirhombs 
or '^ pore-rhombs " developed; diplopores are always present in 
the mesostereom, but often restricted to definite tracts or plates, 
especially in higher forms. 

While some descendants of the Aristocystidae were seeking in 
vain to perpetuate their race by assuming the flattened carapace 
of Anomalocystidae, and while others, becoming more reconciled 
to a sedentary life, were stretching out from their mouths longer 
and longer arms into the food-bearing sea, raising themselves too 
on loftier columns, there were yet others that hit upon another 
way of meeting the needs of a fixed existence. The chief need 
was to expose food-collecting surface in greater amount and over a 
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wider area. The way found was to stretch ciliated grooves from 
the mouth over the surface of the theca, and then to raise them on 
armlets or brachiola placed at fit intervals. At the same time, 
the hydrocoel, it may be inferred from its constant connection 
with such grooves, sent out branches corresponding with the food- 
grooves ; from these branches were given off the podia, serving 
for both respiration and the prehension of food. This wandering 
of the brachiola away from the mouth marks then the develop- 
ment of two structures previously unknown among Echinoderms : 
(1) canals radiating from the hydrocoel along the theca ; (2) an 
intrabrachial, circumoral, or ventral region of the theca, such as 
in Grinoids is called the tegmen. These two structures, in one 
form or another, characterise all Echinoderma other than Amphor- 
idea and a few Ehombiferi. But it seems that they were inde- 
pendently developed along many lines. What in the Crinoidea 
is a mere "tegmen" or pot-lid, comes in Olyptosphaera^ in the 
Edrioasteroidea, and in the Echinoidea, to form the greater part of 
the test; and with it the perradial ambulacral vessels extend; 
whereas the theca of Aristocystidae, which in Crinoidea becomes the 
specialised and important calyx or dorsal cup, is in the other orders 
more and more reduced until in some cases no more of it can be re- 
cognised than the plates of the anal pyramid or their homologues. 
Another structure characterising this order, viz. diplopores (p. 41), 
may possibly have assisted respiration by bringing lacunar blood- 
vessels into closer contact with the sea-water ; this may have been 
connected with a less development of podia. The functions of 
diplopores have not as yet been satisfactorily explained by reference 
to recent Echinoderms. 

Family 1. Sphaxronibab. Primitive Diploporita, in which the food- 
grooves do not extend from the mouth beyond the adoral circlet of plates. 
Diplopores difiFose. The included genera show the early stages of tegminal 
and ambulacral development ; in none of them does more than a single 
cycle of plates intervene between the oral pole and the bases of the 
brachiola. The five plates forming the cycle are interradially placed, 
being separated by the grooves proceeding from the month to the brachioles. 
The direction of these grooves is primitively the same as that of the food- 
grooves in Echino9fhaerai viz. one anterior, opposed to the anus, two 
lateral, each of which soon branches, thus maJiing five grooves in all, 
with bilateral symmetry. Thus the shape and position of the five inter- 
vening plates are those characteristic of true orals (see p. 1 24). Genera — 
Sph4UTimi$^ Hisinger (1828 and 1837) ; the name was proposed to replace 
EMnotphaera of Wahlenberg (1818) for no assigned reason, but was 
restricted to forms agreeing with EchinuB pomum, Qyllenhal, by Joh. 
Miiller (1854). The species referred to this genus by Angelin (1878) are 
all Ordovician, and agree in the following characters (Fig. XXXVIII.) : — 
A spheroid or ovoid theca, sessile on a broad base, composed of irregu- 
lar plates, the mesostereom of which is pierced by regularly formed 
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Fio. XXXVIII. 

SpJWirronU QUkttduty after Angelin. 1, flnom side, nat 
else ; 2, tegmen, enlan^. 



diplopores ; the anus close to the peristomey and with a valvular pyramid ; 

•mall hydxopore, perhaps combined with gonopore, between mouth and 

anus, to the left ; five orals 
separated by food -grooves 
with primitive bilateral 
arrangement. The various 
species may be arranged 
in groups, according to 
the number of times the 
grooves branch, and the 
number of brachiola given 
off from them. Haeckel 
(1896) has sought to separ- 
ate as genera (Pomonttes, 
Pomoqfstis, Pomotphcura) 
those with one, two, three, 

and four brachiola to each ray; but until Angelinas notoriously 

inaccurate figures shall have been corrected by observation instead 

of by hypothesis, these names can rest on no sure ground. Moreover, 

Lov^n*8 figure of the type- 
species, S. pomumj repro- 
duced in our Fig. XXXIX., 

shows that the number of 

branches visible may be 

two, three, or four in a 

•ingle individual. Eu- 

CffttU, Angelin (1878), Or- 

dovician, Sweden (Fig. 

XL), sends its grooves 

farther down the theca y 

than Sphaeronis, over one 

or two circlets of thecal 

plates. From the distal 

end of each ray a brachiole ' , 

was given off, while others 

of uncertain number and 

position arose along the 

side of the grooves. Prob- 
ably some of the forms 

described by S. A. Miller p,o. xxxix. 

as Holocygtites should be Adoral region of S|>Jka€roni# jxmum (nrom Lov^n, "Oni 

placed here (e.g. TrematO- Ldslda «traWZi»," O/v. VeU-Akad. ForhandL 1867, p. 434). 

j^.^^'m TaaV<^1\ aUk^,,»l« 0, orals covering mouth ; vg, section of footl-groove running 

eyaii, Jaexei;, aitnougn from mouth toBr'.brachiole-fkceU, some of which are pierceil 

their orals are not known, ^y »" »»**i c*n*i : ^». pistes cioHing over anu« ; g, pro- 

rr • ^^r^•^^ o_ /^ i mlnenoe with two pores, which Lovto considered gono- 

^.grynni«, Miller &Gurley pores; a, ridge which Lov^n thought might indicate a 

(1894), presents a Stace in "»»?«Porite (or G may represent combined gonopore and 

, T *V 1^ r hydropore); diplopores surround the whole area. 

the development of food- 
grooves that in some respects is more advanced, although the peristomial 
plates have no regular arrangement (Fig. XLIL). Allocysiis^ Miller (1 889), 
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Silurian, ludiana, may go here. ProUocyttiSy Barrande (1887), Lower 
Devonian, Bohemia (Fig. XLL), differs from SphaeronU mainly in the ir- 
regular branching of the food-grooves, which stretch farther over the theca, 
though whether the tegmen ever contained more than one cycle of plates 
cannot be determined from the published figures. Apparently the hydro- 
pore formed a slit between the small gonopore and the mouth ; and the 
base, broader than in Sphaeronis^ is said to have been prolonged into a stem. 



Via. XI.Il. 

>foiitli ninl IVkmI- 

Fio. XLI. groovpH of " Hoh- 

Fio. XL. Prok fK-yst U Jlnm, onxl HMT' rfiHtUrs" fjitriini'^. 

EucifstU rarijninrtata, on\ surfRCt^', faw, sliRhtly reHtomI from jiftor Millor A: Gui- 

after Angelin, enlarge<l. liarrande, enlari;e(I. Wy. 

Its geological age forbids U8 to regard Proteocystis as a link between Sphae- 
ronitidae and Glyptoephaeridae, but it certainly has points of likeness to 
the latter family. Carpocystis, Oehlert (1887), Lower Devonian, W. France, 
is a simple spheroid with large stem-attachment. PalmacystiSj Haeckel 
(1896), Archegocystis, & Godiaqfstis, Jaekel (1899), are forms with the 
epithecal branched food-grooVes, described by Barrande as hydrophoreB 
palmees of PiroeystiSy Craterina, & Arisiocystis. 

Family 2. Qlyptosphaeridae. Diploporita in which the food-grooves 
extend over the theca well beyond the adoral circlet, and irregularly 
transgress the sutures between the 
thecal plates. Diplopores diffuse. ] 

These represent a further advance 
on the type of structure originated 
in Sphaeronitidae. Genera — q 
Glyptosphaeray J. Miiller (1854), 
Ordovician, Baltic countries (Fig. 
XLIII.), has for type the species 
first figured by the Duke of 14 - 
Leuchtenberg (1843), and dis- 
tinguished by Volborth (1846) as C ' 
Sphaeronites Leuchtenbergi, The 
spherical theca, reaching a diameter 

of 7 cm., and larger than any other 

cystid, is composed of irregularly *''°- ^^'^'^- 

arranged polygonal plates, bearing "'»^TolZur,t:tX^^^^."''- 

diplopores. The mouth is covered 

by five orals (0) with characteristic bilateral symmetry, and from between 

them the anterior unpaired, and lateral paired, grooves radiate about 
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half-way over the theca, croesing the sutures of the plates, and giving off 
short branches on either side, or sometimes on one side only, at irregular 
intervals. At the ends of the branches are facets (Br') for the support 
of brachioles. The grooves are shallow and have minute coyering-platee. 
The anus (^<), of which the valvular pyramid is rarely preserved, lies about 
a third of the way down the theca ; between it and the mouth are two 
openings, a little to the left, viz. a small round gonopore (G^ and a madreporite 
(if). The latter, the representative of the hydropore, is always close to 
the first brachiole-facet of the left posterior groove, at the junction of three 
plates ; it consists of folds (slits 1) running at right angles to the sutures, 
and is bounded by a slight ridge forming a triangle or trapezoid. According 
to Volborth, there was at the aboral pole a stem, -^ to ^ width of theca, 
with a wide lumen, and low columnals with five longitudinal sutures, and 
with encrusting root-expansion. Eichwald, however, could not find mo?e 
than a short conical extension of the theca, and this agrees better with 
the appearances of specimens sent by Volborth to the British Museum. 
Funfjocystisj Barronde (1887), Ordovician, Bohemia (Fig. XLIY.), differs 

from Glyptosphtura in the broad base, 
hollowed for attachment to some marine 
object, and forming an angle with the long 
axis of the theca; the paucity of diplo- 
pores ; and the regular alternation of the 
groove branches, making each groove a zig- 
zag. The test itself is not preserved ; the 
internal casts show no sign of the external 
grooves and brachioles ; but they show 
between anus and mouth a curved eleva- 
tion (madreporite 1), 

Family 3. Protogrinidae. Diploporita 

in which the food-grooves extend over the 

theca almost to the aboral pole, and are 

regularly bordered by alternating thecal 

Fio. XLiv. plates (" adambulacrals "), on which ar« 

Fungoey^u ^'^^"^'j^ >;««»: the brachiole-facets. Diplopores diffuse or 

structed on the eridence of « , ^ , , , * i . « i 

Bairande's flgures ; enlarged. confined to adambulacnUs, from which they 

are never absent These represent a further 
advance in precisely the same direction as previous families. Genera — 
Protocrinus, Eichwald (1840), Ordovician, Russia (Fig. XLV.X was well 
described by Volborth (1846). Theca spheroidal or ovoid, attached by 
a stem in the young, but free in old age and losing all traces of attach- 
ment (cf. Lichenoides). Thecal plates larger, stouter, and more swollen 
than in Olyptosphaera ; all bear diplopores, which may become somewhat 
at right angles to main food-groove, on the adambulacrals. The main 
grooves are rather straighter than in GlyptosphaerOj lying regularly between 
large alternating thecal plates (adambulacralsX each of which bears a 
brachiole, except one or two of the proximal ones on the side towards the 
direction of the clock -hands. Hydropore minute, above anus. Proterobladutj 
Jaekel (1896; syn. Dactylocystis, 1899X Ordovician, Russia (Fig. XLVL). 
Theca ovoid, sometimes prolonged gradually into a stem (cf. Dendrocydii), 
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Thecal plates clearly differentiated into: (a) imooih, irregolar, and 
depressed interambnlaerali ; (() transrerselj elongate adambolacrals. 
Diplopores at right angles to main food-grooTe^ and confined to inner 




1 

Fio. XLV. 

J*roloeriH%$ wAJ&nm,U^ after Volborth. 1, oral aarfkuse, showtog fbod-grooTM partly coT«red 
bv ambnlacrala, x |; S, aboral rar&oe of young indlTidnal, ■Sowing stem -attachment; 8, 
aboral enrflkce of old individual, without stem. 

portions of adambulacnds. Each adambulacral bears a brachiole-facet ; 
there are about thirty-six in each ray. 

Family 4. Mbsoctstidas. Diploporita in which the food -grooves 
extend over the theca almost to the aboral pole, and are regularly 
bordered by alternating brachioliferous adambulacrals, raised above and 
outside the adjacent interambulacrals. Diplopores confined to' inter- 
ambulacndsL Five interradial deltoids (A) sur- 
round the peristome. In this family we reach 
the final stage of the Diploporita, although a 
branch parallel with the Mesocystidae passes on 
in the direction of the Eublastoidea, beyond the 
boundary of the Cystidea. Qenera — MaocyttU^ 
Bather (Jan. 1898, ^MmUa, Hoffmann, 1866; 
Nikitin, 1877; Agdacrinus^ Schmidt, 1874), 
Ordovician, Esthonia. Theca (Fig. XLVII. 1) 
simulates that of a regular echinoid, or still more, ^ 
Edrioatter, since the mouth is on the upper 
surface; from it narrow food-grooves, protected 
by covering- plates, pass straight down to the ^'^' ^^^^'* 

margin of the flattened aboral surface (Fig. biaS3oi!«^r<bod'^°^^^ 
XLVII. 2)l Adambulacrals raised above the Umb) hotdwA by aSunbo^ 
general surface of the theca, by the pushing in {JS^); '^^j^Ji^"^ 
under them of the adjacent interambulacrals; 

thus they outwardly resemble the sub-ambulacrals or side -plates of 
Callocystinae (Fig. XLVIL 3). The interambulacrals do not, however, 
absolutely meet underneath the adambulacrals, but leave an irregular 
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canal (which may have contained a nerve of the aboral nerve -system). 
Inteiambulacrals numerous and irregular, all pierced by diplopores. 
Mouth lies in a depression (cl EdrioatUr) ; surrounded by five interradial, 
slightly forked A, apparently continuous with the adambulacrals, and 
homologous with the five plates similarly situated in Sphaeronit, Posterior 



Fio. XLVII. 

Me$oqfsti8 Ptuir^kii. 1, ffenenl form, restonnl after Homnann And Nikitin. 2, oral nar- 
face, after Uoinnann, enlargedf ; the deltoids are not clearly shown. 3, structure of the adonil 
end of a food-groove, modifled (Voin Jaekel ; the covpring-ulates removed from the lower right- 
hand part ; much enlarged. 4, transverse section of a rood -groove, after Jaekel. i4s, anus ; 
adAmh, adambulacrals or side-plates (s.p) ; cp, covering-plates or aiiibulacrals ; Br^ dotted 
outlines of brachioles, borne by Br', brachiole-facet ; fg, food -groove ; iAmb, interambulacrals, 

Sierced by diplopores (p) ; M, supposed hydropores, probably only due to a boring parasite : 
, mouth. 

A pierced by hydropore (and ? gonopore). Anal pyramid in upper part of 
posterior interambulacrum. Aboral surface of theca composed of numerous 
small plates, but the structure of its central region is still unknown. 

Family ft. Gomphoctstidae. Diploporita in which extension of food- 
collecting surface is provided by the curving of the five main grooves 
around the theca and not by their prolongation on to brachioles. 
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Fio. XLVIII. 

GomjihocyttU Unax, from above 
showiiiK courao of fooil-grooves, 
anil from side with outiineii of 
plntft8 Hhown only in upper part. 
AOer Hall, x ). 



Gomphocydisy Hall (1864), Silurian, N. America and Gotland (Fig, 
XLVIIL). Theca flattened above, greatly 
elongate below, composed of many irregular 
plates, pierced by diplopores. From a central amb 
mouth five food -grooves radiate over the \ 

theca, curving sinistrally around the upper ' 

part, and occasionally descending a short dis- 
tance on the stem-like base. Covering-plates 
often strongly developed, and grooves lowered 
beneath thecal surface. Jaekel (1895) states 
that small side -grooves, but no brachioles, 
occur in a Gotland species. Anus close to 
mouth, in an interradius. Attachment ap- 
pears to have been by the base, as in Aristo- 
ofslis. The curving of the food-grooves and the 
asserted absence of brachioles cause Gompho- 
cystis to resemble many Edrioasteroidea. But 
the structure of the grooves seems to be that 
which obtains in Diploporita, while the 
presence of marked diplopores confirms the 
reference to that order. In any case the family is out of the main line 
of evolution. 

APPENDIX TO CYSTIDEA. 
The following names liave been 8Up]>osed to refer to Cystids : — 
AscoeystiSf Barr., probably a Canicrate Crinoid. 
BalanocysiiSt Ban*., indetenninablc. 
CauiarocrintL8j Hall (syn. LoholiihuSy Barr.), root of a Crinoid {Sq/phocrinus, 

apud Jaekel). 
CardiocystiSf Barr., indetcmiinable. 
CrinoajstiSy Hall, probably a Camerate Crinoid. 
CyelocrinuSt Eichwald {PaseeoluSt Billings), now regarded as calcareous Algae ; 

at any rate not Echinodemis. 
CysHdea^ a name used by Barrande for any indeterminable fragment, and not 

intended as a zoological genus. 
DietyocrinuSf Conrad, is a Receptaculito. 
Hyponomef Loveu, the ejected viscera and disc of an Antedon. 
HypocrinuSf Bc3rrich, an Inadunatc Crinoid (see p. 178). 
lAchenocrinuSy Hall, the root of a Pelmatozoan (see p. 133). 
AfespiloeyttiSf Barr., probably Stq>hanocrinus (see p. 96). 
NeoeystiSf Barr., probably the root of a Pelmatozoan. 
Porocrinus, an Inadunato Crinoid (see p. 172). 
JihanUn/era mira, Barr., is a Stephanoerinus (see p. 96). 



A fairly complete Bibliography of the Cystidea was given in— 
Bcarande, «/., 1887. Systems Silurien du centre de la Boh^me, I'* Partie : 
Recherches PaUontologiques. Vol. VII. Classe des Echinodermes. Ordre 
des Cystid^es, 4to, xvii. and 232 pp., xxxiz. pis. Prague. 
The literatnre is so interwoven with that of Crinoidea and Blastoidea, that 
other references are reserved for the list at the end of Pelmatozoa (p. 211). 
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CHAPTER X. 

THE DLASTOIDEA.^ 

CLASS n. BLASTOIDEA, Say (1826, mum tsOenio). 

Grade A. ProtoblMtoidoa. 
,, B. BublMtoideA. 

PsLMATOZOA in which five (by atrophy four) epithecal ciliated 
grooyes, lying on a lancet-ehaped plate (t always), radiate from a 
central peristome between five interradial deltoid plates (A), and 
are edged by alternating side-plates bearing brachioles, to which side- 
branches pass from the grooves. Grooves and peristome protected 
by small plates, which can open over the grooves. The generative 
organs and coelom probably did not send extensions along the rays 
into the brachioles ; bdt apparently nerves from the aboral centre, 
after passing through the thecal plates, met in a circumoral ring, 
from which branches passed into the plate under the main food- 
grooves, and thence supplied the brachioles. The thecal plates, 
however irregular in some species, always show defined basals (B) 
and a distinct plate (" radial," R) at the end of each ambulacrum ; 
they are in all cases so far affected by pentamerous symmetry 
that their sutures never cross the ambulacra.' 

The more primitive of these forms can hardly be distinguished 
from their immediate ancestors among the Cystids, such as Pro- 
terMasius and Mesocystis^ except by the more developed basals and 
radials; and it is this greater intimacy of correlation between 
ambulacral and thecal structures that necessitates their removal 
from the class Cystidea as here defined. Those general relations 
of the ambulacra to the theca, shared by Blastoidea with Diplo- 
porita, serve to distinguish them from the Callocystinae, with 
which some of the genera have been allied by naturalists. To 
these characters may be added the presence of diplopores, which 
are still to be found in the most primitive genus. From the 

1 By F. A. Bather, M JL 

^ The term "ambulacrum" ha« been loosely used in the Blastoidea for the 
thecal elements connected with the food-groove. *' Psendambulacmm " is more 
correct and more cnmbroos. The relations of the trae ambulacral system are doubtftU. 
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Edrioasteroidea they are separated by the presence of brachioles and 
absence of ambulacral pores. Their line of evolution, though in 
some respects parallel to those of the Gallocystinae and Edrioas- 
teroidea, was independently derived through the Diploporita from 
the primitive Amphoridea. 

Within the class itself may be traced the increase of penta- 
merism, combined with a lessening in number of the thecal plates 
until a very definite arrangement is reached. At the same time, 
there is a concentration of semi-porous structures into the inter- 



br 

PP 



* Fio. 1. 

ifjIcrobkutiM. 1, oral •nrlkce of A, sfeUotiu; not quitfi correct, as anal ansa in not shown, 
t, side view of A. Vodhorihi. Both flgurw adapted from Schinidt, and X 2 diain. am6, so- 
called ambulacnun ; br, brechioles, supported on br', bnchiulK-focets ; /.(7, food-groove ; pp, 
por»-plfite, at adoral end of which is deltoid ; K, radial, at end of ambulacrum ; 6'(, stem. 

ambulacral region, and the evolution therefrom of elaborate 
respiratory organs (hydrospires) ; this is probably connected with 
the fact that all external connection with the water-ring (by means 
of a madreporite or hydropore) seems to have disappeared in the 
more specialised forms, and that, if the negative results of research 
may be trusted, there were no extensions of the water-vascular 
system into the brachioles. 

A somewhat arbitrary line may be drawn below forms that 
have acquired the normal definite number of plates and the 
hydrospire- folds hanging far into the thecal cavity ; and while 
such forms constitute a grade Eublastoidea or Blastoidea $efi\su, 
stridOy those below the line are Protoblastoidea. 

Grade A. Protoblastoidea, Bather (1899). 

Blastoidea without interambulacral groups of hydrospire-folds 
hanging into the thecal cavity. 
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Family 1. Asteroblastidae. Protoblastoidea with an indefinite 
number of thecal plates, bearing diplopores, and with a pore-plate adjacent 
to, but distinct from, the deltoid in each interambulacrum. Genu*^- 
AgterohlatluSf Eichwald (1862), emend. Schmidt (1874), Ordovician, Russia 
(Fig. I.). Theca pentagonal, on a relatively small round stem ; its hemi- 
spherical dorsal portion is composed of 4 BB and 5 RR, between which are 
from twenty-five (A. Volhorihi) to fifty {A. stellatus, type-sp.) polygonal 
plates ; all plates have radiating ribs ("axial folds"), between which are 
diplopores. Round the mouth are 5 A, between which food-grooves 
pass to the ambulacra. Each ambulacrum consists of two rows of side- 
plates (adambulacrals), set alternately on either side of the food-groove, 
branches from which run to right and left between adjacent side-platea. 
Any underlying plate there may be is entirely covered by the side-plates. 
At the ends of the grooves are sockets, by which uniserial brachioles were 
attached to the side-plates. Grooves down the brachioles joined the food- 
grooves of the ray, and all probably were covered with small alternating 
plates (ambulacrals). Adjoining each A and 
separating the adjacent ambulacra, is a laiige 
diplopore- bearing plate ; in A. ttibercuUUus 
this is much like other plates of the theca 
(on which ground Haeckel has separated the 
species as AderocystUy Fig. II.) ; but in A, 
stdlatiis and A, Volborthi it is enlarged, has 
a pronounced median crest, and is almost 
separated by the ambulacra from the ordinary 
Fio. II. thecal plates. [The anus appears to have 

Portion of the oni surftuM of been at the distal end of this ** pore plate " 
irttSSiv.'SdifiS^: i" «»* of the inter.mbulaci«, which >. wider 

ing the perietorae ; «.o, elde-platet than the Others.] FaMILT 2. BlaSTOIIX)- 
or adambulacrals. Other letters aa „ „,^.« t»_ * ui * -j •*.! j /• -^ 

in Pig. I. (After Schmidt.) x2diam. CRiNiDAE. Protoblastoidea With a definite 
number of thecal plates, without diplopores, 
and without distinct pore- plate. Genus — BlcutoidocrinuSy K Billings 
(1859), Canadian, and Schmidt (1874), Russian, Ordovician, is only 
known from imperfect specimens, so that only the following details can 
be given (Fig. III.) : — The small round stem is inserted into a consider 
ably invaginated base, as is the case in several crinoida BB, at least 3. 
RR, 5, not notched for reception of ambulacra, but with truncate upper 
margin ; they support 5 large interradially situate A. Each A consists of 
two parts : an orad, subtriangular piece, like that called deltoid in Aitenh 
hUutus, and a lower, triangular piece corresponding to the pore-plate in 
Asteroblastus ; the connection between the two parts is still slight ; indeed, 
in Canada the orad portions are often fused with one another into a pen- 
tagonal frame. The lower portions show a marked striation, due to stroma 
strands, at right angles to the radio-deltoid suture, and on the sutoral 
edge the stereom is thrown into folds (incipient ** hydrospires ") which, 
however, have not been observed to pass into the RR. The food-grooves 
pass out between the A ; the Ia^cet-platA supporting them is covered by 
alternating side-plates, which receive branches from the main groove, and 
are provided with a clear brachiole-facet ; the remains of brachioles are 
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preserved, as in Asterohladus and many Eublostoids. These known facts 
afford no character, other than the less development of the hydrospires, 
by which Blastoidocrimis should be separated from the Eublastoidea, so 




1 Fio. III. 

BUutoidocriniu earchariasdetu ; restored on the evidence of E. Billingfl. 1, oral surface ; 3 
r»yH show the side-plates («p) with their fkcets for brachioles (br') ; l ray shows the brachioles 
(br) attached ; the 6th ray shows lancet-plate (L) exposed by reiuux-al of side-plates. 2, from 
the side ; the upward extension of the stem {St) and the invngiuated basals (B) are indicated by 
dotted lines. A, incipient hydnMpires. 

long as that order includes such a form as Cadaster, But till the structure 
of the base and the position of the anus are known, the genus may be 
kept with its rather more primitive allies, Asteroblastus and Asterocystis, 



Grade B. Enblastoidea, Bather (1899). 
( = Blastoidea, Aiictty 

Blastoidea in which the thecal plates have assumed a definite 
number and position in three circlets, as follows : — 3 BB, 2 largo 
(formed by fusion of two pairs of the primitive 5 BB) and 1 small, 
in r. ant. IR ; 5 RR, often fork-shaped, forming a closed circlet ; 
5 A, interradial in position, supported on the shoulders or the pro- 
cesses of the RR, and often surrounding the peristome with their 
oral ends. The stereom of the RR and A on either side of the 
ambulacra is thrown into folds running across the radio-deltoid 
suture ; these folds hang down into the thecal cavity, forming the 
hydrospires. 

Beginning in the Silurian with Cadaster and Troostocrinus^ we 
may trace the gradual modification of a simple type, and the 
evolution of the numerous complicated structures characteristic of 
80 specialised a form as FerUremites. Starting afresh with Elae- 
acrinits we shall study the elaboration of the structures that 
characterise Orbitremites {=^ Grranatomnus\ which represents the 
acme of the Eublastoidea in Britain. Thus the morphology and 
the classification will be unfolded along with the phylogeny. 

6 
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•Theca. 



CodjuAer^ M*Coy (1849), Silurian to Carboniferous, Britain and N. 
America, is the least specialised of all Eublastoids (Fig. V.). The 3 BB 
form a conical cup, on which follows the more cylindrical circlet of 6 
RR, the processes of which bend in 
above almost at right angles, to form 
part of the truncated summit or oral 
surface. Following on the upper mar- 
gins of the radial processes come the 5 A, ^» 
which surround the pentagonal mouth- ^^ 
opening (Fig. V. 1). These A probably -•* jBrachioles. 
represent the combined A and pore- 
plates of Asteroblattus; like those pore- 
plates they have a pronounced median 1^*^* 
crest (" oral ridge," Etheridge & Car- ju^jj^^ 
penter). Between adjacent A, and 
passing down into the sinus of each Basals 
R, is a long plate, known from its 
shape as the " lancet-plate " (Fig. V. 2) ; 
the edges of this partly overlap the R 
and A ; its upper surface bears a groove 
which passes between the adjacent A 
to the mouth. It is pierced by a cen- 
tral canal, comparable to the central 
hollow seen in MesocysttSy and probably 
filled by a nerve from the abond 
system (Fig. V. 6). Along the sides 
of the lancet-plate lie small "side- 
plates," not, however, in single series, VStem. 
but in zigzag, so that each pair forms 
a rhombohedron bisected by the suture 
between them (Fig. VI.). On these 
sutures are brachiole - facets ; and 
branches from the ventral groove pass 
alternately to the side-plates, and on 
to the bracliioles. The whole groove 
was covered by small movable plates, 
the impressions of which are seen along 
its sides. The peristome was similarly 
plated over. The apposed edges of 
the radial processes and the A are 
thrown into a set of strongly-marked 
folds at right angles to the radio- 
deltoid sutures (Fig. V. 6). These 
folds in the stereom may be an ez- 



Root 



Pio. IV. 



. , . , ^ , ■. Reconttractlonofa typioslBablMtold, 

aggeration of the axial folds so con- OropkocHniM (vel DimnrMerinua) AuiJbr- 

spicuous in ArierobUutiu: the stereom "*S«Sr;K'S2.\i^*tS!iaS^ 
fonns a thin -folded wall, the ends l>epartineQt of the Briuflb Mnaemn. 
of the folds dipping far down into 
the thecal cavity. One infers from similar foldings in other animals 
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that the object was an increase of surface for respiratory purposes, the 
outer oxygenated sea-water passing down into the folds and the inner 
coelomic fluid passing up into the alternate folds. Hence to such struc- 
toree £. Billings gave the name ^ hydrospirea" They are similar, in 
essential structure and in position across the suture lines, to the pectini- 
rhombs of Callocystinae ; and similarly are a deyelopment of the normal 




gUQQP 



amto. 




Pio, V. e 

CodaiUr trilobatus, 1, oral surface of yoang individual of var. cunUus, with 3 hydroapirM 
Moli aide of a food-groove and tracea of them in anal interradiua (Brit Mns. B8090). *2, a tneea 
gvound down (torn the oral surfkce, tints bringing out the sutures (Brit. II us. B8028X 8, 
analysis of the inain thecal elements. 4, thnca seen fh)m the left posterior radius. 6, the 
same theca firoin helow, with poaterior interradiua uppennost (Both trom Brit. llus. E8018). 
xj. 0, slightly restored section across part of a radius, amb^ so-called ambulacrum or 
paendanibnlacrura, with fcxxl -groove ; As, aperture for anus : B, basal ; br, brachiole ; cp, 
covering-plates ; h, hydrospire-folds ; X., lancet-plate ; 0, mouth-apcurture ; R, radial ; «.|), side- 
plate ; A, deltoid. 

structure of the test The marked pentamerous symmetry of the thecal 
plates (with the apparent exception of BB) and of the hydrospires is 
disturbed only by the anus, which makes an opening between the pos- 
terior A and the adjacent radial processes. From this IR hydrospire-folds 
are said to be absent (but one or two may be seen in some specimens, 
Fig. y. 2). The anal opening was closed by small plates. The essential 
structures of Codoiter are all to be found in Protoblastoidea ; the absence 
of interambulacrals, in BlastMocrinus ; the ambulacral structures, in 
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Asteroblastus and Blastoidocriiitis ; the position of the anus, in Asteroblaitus ; 
the hydrospires, though far less developed, in Blagtoidocmnis. So macli 
is this the case that Codaster has been referred to the Cystidea by several 
writers of eminence. Further arguments for such action are found in the 
fact that Codaster has no ** spiracles" at the proximal ends of the ambu- 
lacra, and no hydrospirc-pores along their sides, 
Btructures which are often considered character- 
istic of tlie Eublastoidea. The gradual evolution 
of the.«e structures may, however, be traced 
within the ortler. 

Phaoioschisma, Etheridge it Carpenter (1882, 
^ -8G), Devonian and Carboniferoot, Europe and N. 

America, differs from Codaster mainly in the fact 
that the hydrospire-folds become more concen- 
trated, and pushed in under, or overgrown by, 
the side-plates and part of the lancet-plate, so 
that as a rule only their ends are visible (Fig. 
VII. 2) ; they are also well developed in the 
anal IR. The side-plates may lie at the sides 
of the lancet-plate, as in Codaster, or they may 
lie on it ; in cases where the proximal side-plates 
project far over the hydrospires, they may 
entirely roof in the depression in which the 
hydrospires lie, only leaving a small communi- 
cation with the exterior on either side the 
proximal end of the ambulacrum (Fig. VIL 6). 
The openings thus formed are the rudiments 
of ** spiracles." The side-plates that in Codaster 
formed the outer halves of the rhombohedral 
pairs are here diminished in size and pushed out- 
wards (Fig. VII. 1). They are now distinguished 
as "outer side-plates" (cf. similar structures in the recumbent arms of 
Callocystinae). Cryptoschisma, Etheridge & Carpenter (1886), Lower 
Devonian, Spain, differs from Phaenoschisina and Codoiter in little but the 
greater breadth of the ambulacra, which entirely conceal the eight hydro- 
spire-slits on either side. Sometimes the ambulacra do not reach to the 
tops of the deltoid crests (or oral ridges), and thus there is a spiracle on 
either side of each crest, or ten in all ; but sometimes they reach right up 
the oral ridges, so that the spiracles of adjacent ambulacra become con- 
fluent, and there are five in all (Fig. VII. 8). Tliis is expressed by saying 
spiracles " double " or " single " respectively. Orophocnnus, von Seebach 
(1864 ; synn. Dimorphicrinv^ d'Orb. ; Codonites, Meek & Worth), Carboni- 
ferous, Britain, Belgium, and N. America (Fig. IV.). The hydrospire-slits 
are more concentrated at the bottom of the depression for the ambulacra 
(*' radial sinus ") than in previous genera ; but since the ambulacra are 
narrower, some of the slits may be expof^ed, and the spiracles are merely 
clefts, often extending all along the sides of the ambulacra (Fig. VII. 7). 
The concentration of the hydrospire-slits cause.<« the inner walls of the 
two nearest the median line of the ambulacrum to meet along that line, 



Fio. VI. 

Food -groove and associated 
structures of Codaster trilobu- 
tiu, greatly enlarged, o.s.p^ 
outer side -plate; «.;>, side- 
plate ; br, brachiole • facet, 
mm which passes a small 
groove to/.p, the main food- 
groove, along which are im- 
pressions of covering-plates. 
TheM structures are borne 
l^ L, lancet-plate, in which 
is n.e, a possible nerve-canal. 
Beneath this emerges Kn, 
the plate forming the side 
of fc, the first hydrospire-fold. 
(Based on Brit. Mus. £8027.) 
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and BO to form a new structure known as the "under lancet-plate'' 
(« sab-lancet "). In this genus the oral surface is raised into more or less 
of a done, so that the A are visible in side view. Post A encloses the anus. 
Pm/trtmitideay d'Orbigny (1849, emend. Eth. & Carp., 1882,-86), Dev- 
onian, Spain, the Eifel, and N. America. In the form of the calyx, the 
complexity of the hydrospires, and other points there is great variability. 
P, PaUUtteij de Vem., however, type of the genus, is not far removed from 
Pham^tchuma and Oryptoschisma. Eight hydrospire-folds lie on each side 
of ML ambulacrum, entirely covered by the broad lancet-plate. The 
•ide-plates are on top of the lancet-plate, so that none of it is visible. 
The outer side-plates are wedged in between the side-plates and do not 




^P 





Fio. VII. 

1, Fhaenotehimna VerMuUit food -groove seen fh)m above. Ip, lancet-plate : «p, side-platw, 
between which are the small outer Mide-plates. 2, section across part of a radius of the same ; 
the hydrospires are here in the deltoid, and only a process of the radial is seen (R.pr). 8, part 
of an ambulacrum of Fentremitet, seen from above, x 6 diam. 4, left side of the same further 
enlarged, showing some of the covering-plates (diagrammatised from Steinmann). 5, section 
across a radius ofPentremites, x 6 diam. G-8 are diagrams showing the evolution of spiracles : 
0, in Fhaenoschinna ; ends of hydrospire-folds still visible, only an incipient^ spiracle. 7, in 
Orophocrinn* ; a long spiracle-slit is enclosed between side-plates and deltoid ridge. 8, in CryptO' 
aehurma: on the left tne spiracles are distinctly separated by the deltoid ridge ; on the right 
the side-plates of adjacent ambulacra meet and the deltoids sink, so that the spiracles appear 
single. Sr, brachiole ; br', articular facet for same ; c.p^ covering-plates ; A, deltoid creat ; 
f.g, food-groove ; L, lancet-plate ; 0, peristome ; o.s.pt outer side-plate ; p, pores ; iC, radial ; 
f, spiracle ; i.l, sub-lancet ; s.j), side-plate. 

project beyond their edges. A covered by radial processes, so that only 
the crests are exposed. The spiracles are clefts on either side the 
ambulacra, between the deltoid crests and the proximal side-plates. The 
anus pierces post A, which therefore has no crest, so that the adjacent 
spiracles are confluent with the anus ; the opening so formed is called ^ the 
anal spiracle." In some species (esp. P. angulata) the side-plates do not 
cover the lancet-plate any more than they do in some species of Phcuno- 
ichuma. Within the limits of Pentremitidea (as defined by Etheridge & 
Carpenter) two changes of importance take place. The hydrospires no 
longer remain extended, with each fold opening into the space below the 
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oyezBpreading ambnlacram, but the admedian folds become giadfudly 
lowered into the thecal cavity and open into a common canal (e.g. P. 
da/wUa) ; thuB each system of folds forms a *' pendent " hydzoepite-sac* 
The second change is the slight notching or bevelling of the ends of the 
side-plates and the projection of the outer side-plates so as to touch the 
wall of the radial sinus ; thus is formed along each side of the ambulacrum 
a series of openings by which water is admitted to the hydroepires, which 
it bathes and then passes out again by the spiracles (e.g. P. 2tijt(antca) ; 
these openings are called '< pores," but are not comparable to the haplo- 
pores or diplopores of the Cystidea, to the water-pores of Crinoidea, or to 
the ambulacral pores of Echinoidea. P«ntremf^ Say (1820, originally 
Ft/nHflrtmiU)^ Carboniferous, N. America (Fig. XY. 1), appears to be a 
descendant of the American species of Pentremitidea, The chief difference 
is that the side-plates do not cover the lancet-plate, but rest against its 
edge ; thus the ambulacrum becomes much broader and assumes a petaloid 
shape (Fig. YII. 3, 4). A sub-lancet is developed, as in Orophocrinus ; 
hydrospire-folds 3 to 9 according to the species, freely pendent (Fig. YII. 6^ 
as in some Pentremitidea ; but in some species the floor of the radial sinus 
meets below the hydrospires at the distal end of the ambulacrum. A 
canal runs between the hydroepires and the side-plates, emei^ng through 
spiracles which may be single or double ; there is an anal spiracle, as in 
Pentremitidea, Though limited in geographical and geological distiibutiony 
Pentremitee has more species and individuals than has any other Blastoid 
genus ; for this reason, and because it was- the first of its class to be 
introduced to science, it has usually been treated as the type of the Bias- 
toidea. Zoologically considered, however, it merely represents the acme 
of one particular line which thereafter died out 

We return, therefore, to the Silurian, and take up the beginning of 
another line of developmenti apparently connected in origin with that 
which has just been traced and not very divergent therefrom. 

TrooOocrinus, Shumard (1866, emend. Eth. & Carp., 1886), Silurian, 
N. America, might be expected from its geological position to be a primi- 
tive form ; and that it is such is shown by the structure of the ambulacra 
(Fig. YIIL). The chief differentiation from the Codaeter type lies in the 
elevation of the radial processes ; the restriction of all A, except post. A, 
to a very small truncate summit, so that the hydrospire-folds are almost 
entirely formed out of the radial stereom ; the narrowing of the radial 
sinus, so that (as in some species of Phaenoeckiima) the side-plates are 
pushed up on to the top of the lancet-plate, while the hydrospire-folds 
are pushed beneath it The outer side-plates are small, subtriangular, 
squeezed out to the edge of the side-plates, with which they alternate ; 
they touch the wall of the radial sinus so that "pores*' are formed 
between them. The hydrospire-folds are midway between the Codasterid 
type and the pendent type; their admedian walls, which support the 
lancet-plate, are thickened, and tend to fonu " hydrospire plates," covering 
the immediately adjacent folds. The canal that runs along above the 
hydrospires and below the lancet and outer side -plates comes to the 
surface at the oral end through a spiracle bounded by the A and lancet- 
plate, and since the deltoid crests are slight^ the spiracles are almoet 
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single. The aniui openi through, the posterior spiracle, i.0. through the 
oral eud of post A ; the position is less primitiye than in CodasteTf but the 
greater size of post A seeins primitive. MeUMutus, Eth. & Carp. (1886), 
is represented by doubtful species in the Silurian of N. America, less 
doubtful from Devonian of Europe, and undoubted from Lower Carboni- 
ferous of N. America. It closely resembles Trwfttocrinus in form ; but 
the A are all equal, small, and confined to the summit^ while the two 




Fia VllL 

3Voeito0rfiMM JMmeordN. 1, Mctkm acroM a ndlof, mncb MilArged. 2, npper part of 
Umoa, pMtoiior view. 8, oral tarfiMe of thaca. hetbning at before. Ai-^-tp, anua and con- 
fluent fpliaclea. (S and 8 ilightly altered from Btheridge i Carpenter.) 

posterior spiracles are distinct from the anus. In structure the ambulacra 
scarcely differ from those of Troodocrinus ; but the lancet-plate of 
M. Uneatiis is said to have three longitudinal canals *•*, the meaning 
of which is not obvious (cf. SchizohlastuB), The base is elongate, and 
triangular in section, with flattened sides. Tricoelocrtnus^ Meek & Worthen 
(1868), Carboniferous, N. America, and (1) Queensland (Fig. XV. 2\ owes 
its name to three excavations along the interbasal sutures, corresponding to 
the three flattened sides of MetcMastus, A feature of more importance is 
the enclosure of the distal portion of the hydrospires within the thickness 
of the radial plate ; this is probably due to the upward growth of the 
floor of the sinns, as has taken place, independently and to a lees extent, 
in Pentremitea, EUutherocrinuSy Shumard & Yandell (1856), Devonian, 
N. America, is probably a descendant of TroaOocrtntLs, It has, however, 
lost its stem and adopted some mode of life that has affected its symmetry. 
The place of the stem is occupied by the small r. ant B. The two other 
BB are pushed a little to the side and produced up the theca to meet the 
broadened and shortened L post R. The remaining RR, with their ambu- 
lacra, are much like those of Troottocrinus and MetabloMus; this 1. post 
R, however, bears a short ambulacrum with only seven side -plates on 
either side, but these greatly widened transversely to the median groove, and 
curved distalwards (Fig. IX.). There are small A, and (apud Shumard) 
spiracles at their oral ends on either side of each normal ambulacrum. 
The anus is stated by Wachsmuth (in Whiteaves, 1889) to lie on the 
right upper margin of the abnormal R, and therefore at the aboral end 
of the A. Sections across the ambulacra (Eth. & Carp., 1886) show a 
lancet -plate with large longitudinal canal, and seven hydrospire- folds, 
arranged as in Troottocntms^ on either side of each ambulacrum in its 
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upper part ; at the aboral end of the ambulacrum the flbor of the radial 

sinus comes below the lancet-plate (cf. Tricoelocnuus), 

NucleocrimiSy Conrad (1842, 
synn. Elaeacrinus, Roemer, 1851; 
and Olhxiniteif Troost, MS., 
1849), Devonian, North America, 
differs much from the genera 
hitherto described (Fig. X,). Al- 
thougli the theca is lofty (often 
olive - shaped) the BB and RB 
I reach a very short way up it ; 
I the BB and lower part of RR 
ai'e pressed inwards, and the 
radial sinus receives only the 
distal extremity of the ambula- 
cr!im. The greater part of each 
ambulacrum lies between certain 
in^?rradial plates. The posterior 
interradius contains three such 
plates — a median plate, at the 
oral end of which lies th£ anus, 
and a plate on either side. These 
lateral pieces meet at their oral 
ends, enclosing tlie anus, and 
stretch down between the central 
piece and the ambulacra. The 

central interradial is smooth, with a median vertical ridge ; but the lateral 

pieces are transversely grooved, each groove corresponding to a pore 



Fio. IX. 

EleutheroerinitM Ca$$«dayi ; oral view x diaiii. 
The abnormal, 1. post, radius turued to the 
obser\'er ; r. post, ray has covering-idates (c.p\ 
which in life would have covered over the oral 
centre; in r. ant. ray the cj> are removed 
and one sees the whole of the side-plates ($.p) ; 
these again are removed fh)m ant. ray, exposing 
the lancet-plate (L) ; removal of L in 1. ant ray 
shows the hydrospires (k.8), (Based on Bhuiuard 
k Tandell, and Whiteaves.) 



Fi«. X. 



Kttdeocrinus VtrntuUi. 1, ftom anterior radius, x i. 



, - ,. 2, oral view, Miowinj; laive cover- 
ing-plates over the peristome (from Urit II ns. ■«», x |. 8, fK>m posterior interradius, x *. 
Ai, anus ; f/», covering-plates, which were eontinnous over the fowl-groove i/'j) ; ^-ft. intemtdial 
pieces ; /{, radials ; ip, spiracles ; A, deltoids, the limbs of which nank the Hmbulacra. 



in the ambulacrum. As regards the structure of the other inter- 
ambulacra there is a difference of opinion. Each contains a lanceo- 
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Fio. XI. 

Section of ambalacxtim of ^ni^leocHnM^ Vtr- 
neuili, X 10 diam. b.r, bractiiole; /,, lancet- 



late central area, with a median ridge, separated from the ambulacra by 
transversely grooved areas meeting adorally. Some specimens show 
appearances of sutures between these areas, especially at the aboral end. 
Hence Lyon (1857), from the study of many hundred specimens, and 
Billings (1870) concluded that these interambulacra also contained three 
plates, as a rule fused together. Roemer and Etheridge & Carpenter, 
however, believed that there was only one plate, and that the markings 
were merely ornament. The am- 
bulacra are narrow ; their struc- 
ture is shown in Figs. X. 2 and 
XL They dip down to the mouth 
underneath a roof of strong plates. 
The hydrospires are pendent, their 
folds reduced to two ; they emerge 
through large spiracles, separated 
by the interambulacral plates. 
As for the homologies of the 
thecal plates, those who believe 
that there is only one in each 
interambulacrum regard that one 
as the A, which in the posterior 
interradius is split in two by an 
intercalated anal plate. This 

makes Nxuileocrinus a highly ..*»«., ^ w «~-.. ...,, ^.»v,...«.«, *., *»..v^,.- 
specialised form, into which is T-^.U^i^r:.' Sltiifuiea'.'ii'.i'S^i 
suddenly introduced an element interdiubuiacrala. 
found in no otlier Eublastoid. If, 

however, we accept the view that each interambulacrum has essentially 
the same composition, viz. three plates, we are able to institute compari- 
sons with Protoblastoidea. These suggest that the true homologues of the 
A in NucUocrinus arc the proximal portions only of the plates called deltoid 
by Etheridge & Carpenter. This latter expUnation of the structure of 
NmUocrinus permits ns to regard it as primitive in all except tne hydro- 
spires, and consists better with its geological age. SchizohladuSy Eth. & Carp. 
(1882-86), Carboniferous, Britain and N. America, x"ay l)e described 
as a NucUocrinus in which there is only one plate in each of the inter- 
ambulacra ; this therefore may be called a deltoid, but may well represent 
the three plates some suppose to exist in Nucleocrintis, since it preserves 
their peculiar sculpturing. In some species it is of much less relative 
size. Tlie hydrospires^ as in Nucleocrinus^ ai'e of simple structure, with 
one to four folds. In two American species the ])osterior spiracles 
arc separate from the anus, as in Nucleocnnus ; in others they are con- 
fluent The plates roofing the mouth, though not quite so stout as in 
Nwleocrinus, are usually well preserved. Cryptohlast'us, Eth. & Carp. 
(1886), Carboniferous, N. America, is like a Schizoblastm with small 
A. The hydrospires differ from those of NucUocrimut and Schizoblastw 
only in tlie development of hydrospire- plates (cf. Troostocmius) which 
extend right up the sides of the lancet- plate, separating it from the 
folds and from the walls of the radial sinus. But where the A are 
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reached, the lancet-plates abut directly on them, without leaving any 
pores ; the hydrospire-canc^s pass up beneath the lancet-plates, and open 
through spiracles on either side of each A. Orhitremites^ T. &. T. Austin 

(1842, generally known as OrancUo- 
erinuBf Hall, 1862), Carboniferous, 
England, N. America, and (?) Queens- 
land (Fig. XV. 3, 4). The general 
shape and relations of the plates are 
as in Sch%zol>ladu$ and OrypUMadui, 
Hydrospires the same as in Orypto- 
blattui (Fig. XIL). The hydrospire- 
canals here are surrounded by the 
- _,, A, and pass through them to five 

Pio. XII. ., .*, ., ".. _ 

8«tion of .mb«i«rum of Oriurmiu, "?8le »pi»cle« (the posterior confluent 
^oncootfi, X 10 diain. Ap, hydrotpir».piat«L With the anus) at the apices of the 

A, which sometimes project as short 
tubes. The plates roofing the mouth are minute and usually irregular. 
Heteroblofdus, Eth. & Carp. (1886), Carboniferous, England, and (1) N. 
America, differs from OrbUremitet in that the hydroepire- canals pass 
beneath the A, and then curve outwards on either side of each A. The 
adoral end of the A is produced upwards as a short stout process. Men- 
hlastiu, Eth. & Carp. (1886), Carboniferous, England, Belgium, (?) N. 
America and Queensland, differs from Orhitremites in that the hydrospire- 
canals are continued upwards over the flattened lateral portions of the 
A, and open at the sides of the A crest . In some species the crest is 
almost absent, and the bpiracles therefore almost single. AcerUrotremites^ 
Eth. & Carp. (1883-86), Carboniferous, Somerset, is only known from 
one specimen, but is a far more distinct genus than those just described 
(Fig. XIII.). The general 
form is that of Orhitremites, 
The hydrospires do not pai«s 
up into the A, but the canal 
opens immediately on the 
suture between A and R ; 
there are thus ten spiracles, 
as in Schizoblastus Sayi. The 
anus pierces post A, close to 
its adoral end. The number pj^ ^iii. 

of hydrospire-folds is un- T«*n.ve«e action of ambulacrum of ^crnOtXrmito 

known ; the inner walls form diipHcut, 

a stnicture meeting in the 

median line, and thus like a sub-lancet ; but also passing up the sides of 

the lancet-plate, and thus like a hydrospire-plate. The lancet-plate is 

small and perforate ; it is covered by small side-plates and large outer 

side-plates. 

Pentephyllurrif Haughton (1859), Carboniferous, Limerick, is based 
on a single internal cast It is said to be unstalked, and this con- 
dition, if obtaining, is correlated with the asymmetry shown in the 
slight shortening of one ambulacrum and the slight curve of the 
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a^acent ambnlacra towaida the opposite side. The linear ambulacra, the 

large A, and the strictly pentagonal base remove it from the other 

irregular Blastoids, and suggest affinities with the group of genera last 

discussed. •Zf^<KxvMk^ Bronn (1848, syn. AfH/toarvMU^ T. & T. Austin, 

1843, wm Conrad, 1840, nee Af^vrwxvMiSy MtlnsterX Carboniferous, Britain 

(Fig. XIY.). This highly asymmetrical form 

has been elaborately described by R Etheridge, 

fiL (1876), and by Etheridge & Carpenter 

(1886), but its affinities remain uncertain. 

Its resemblance to ^^etUAerocriniie lies only in 

secondary characters induced by a sessile life. 

The theca is depressed, stemleas, and produced 

into four lobes ; on the shortest of these lies 

an ambulacrum modified much as in EUuthero- 

erinusy and towards it the two larger BB 

stretch up as in that genus. The four normal 

ambulacra lie in the depressions between the 

lobes. Three A are large and stretch out over ^°' ^'^' 

the lobes; two are small and flank the Eth^SS^ (^^i, 1!To 

abnormal ambulacrum. Anus and spiracles Ji»?- ^.^!*T' "??*!!?* 

- y%i.-i .#1-11. * food-groore (ilwa») towards the 

unknown. One hydroepire-fold lies on each obterver ; 0, peristome ; Ab?, 

side of the radial sinus, and is enclosed by it fetto m mimS!*'""*' ^•' 

at the distal end (cl PeniremUes^ Tncoeloerinus). 

The surface is covered with strong tubercles which bear minute spines 

(cl HystricrinusmmArUuracarUha, p. 158). 

OlaaaiticatloiL — We have now reviewed every known genus of 
Eublastoidea, in an order approximating, as near as our very imperfect 
knowledge of many types will allow, to that of their race-history. This 
seems to show three main branches : one leading from Codcuter, through 
PhasnoackumOy to PerUremUidea and PmtremUeSy with offshoots Crypto- 
schuma and Orophocrinus ; the second from Troottocrinus, through Meta- 
bkutuBy to Tricodocrinus, with the offshoot Eleutherocrinw ; the tliird from 
NueUocrinuMy through SchizohUutuSy to Oryptoblastu8y OrbUrmniteSy Mao- 
bladusy and HeterohlcuiuMy with an offshoot AcentrotremiteSy and pi*obably 
Pmtephyllum, Zygoerinus also is perhaps connected with this third line 
of descent 

The classification of Etheridge & Carpenter does not agree very 
well with the phylogeny here outlined. The erection of an "Order 
Irregulares" is no more likely to be correct for Blastoidea than for 
Crinoidea. With the exception of the Codasteridae, their families of the 
'^ Begulares " are based almost entirely on the relations of the hydrospire 
canals to the deltoids, relations which may vary considerably even in an 
individual, while they take no account of important differences in the 
relations of the hydrospires to the ambulacra. Moreover, in the con- 
struction of feunily names, these authors have contravened the laws of 
nomenclature. 

The following classification attempts to overcome the above objections 
while making as little change as possible : — 

Series A. Codonoblastida. Faiolt 1. Codabtsridae. Hydrospire- 
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folds distinctly portions of the thecal plates, coming to the surface of the 
radial sinua No distinct hydrospire-canal or pores ; spiracles developed 
imperfectly or not at all. Qenera — Codatter, Phaenoschismaj Cryptoichiimaj 
Orophocrinut, This family coincides with that of Etheridge & Carpenter. 
Family 2. Pintrimitidae. Hydrospire-folds, usually numerous, concen- 
trated at the lowest part of the radial sinus, and partly or wholly pendent 
Hydrospire-canal opens through spiracles bounded distally by side-plates. 
Base convex. Ambulacra rather broad. Qenera — Pentremiiidea^ Ptnire- 
mites. This equals the PerUrem%tid(u of Etheridge & Carpenter, minui 
Mesoblastus, 



Fu:. XV. 

HMMoC tjrpical Dlnstoids. 1, a CodonoWMikl^PeittremiUs robu$tns(ttom Drit. Mus. K8145). 
S. a Troot|DMa«ticl— Triooeioeriniu woodmani (from Brit. Mux. E8171). 3 and 4, a Granato- 
XittaiUi—Oititremites orbicularis (fh>in the type-specimeni, Brit. Mus. K81S6). 8, from Ui« side. 
4, ftom b«l«w, with poaterior interradius uppermost. All figures nat size. 

Series B. Troostoblastid A- Family 1. Troostocrini da i. Elongate 
forMs with linear ambulacra descending shaq^ly outwards from the much 
restricted peristome. Hydrospire-folds only slightly concentrated, but 
communicate with exterior through pores, and through spiracles bounded 
by d and lancet-plates. Genera — Troostocnnus, Metablastus, Tricoelocrinu*, 
This equals the Troostohlastidae of Etheridge & Carpenter. Family 2. 
Iliutherocrinidae. Elongate, stemless, asymmetrical, with four narrow 
ambulacra, accompanied by unconcentrated hydrospires. Fifth ambula- 
omm shortened and widened. A minute. Genus — Elexdherocrinns, 

Series C. Or ANAT0BLA8TIDA. Family 1. Nucleocrinidae. Interam- 
bulacra show traces of a primitive triad of plates. Ambulacra linear, and 
stretching far down the theca, which is ovoid. Hydrospire-folds few and 
pendent Spiracles double. Mouth roofed by largo plates firmly united 
into a tegmen. Genera — Nwleocriiiu^j SchizobhiM us. This family equals 
Etheridge & Carpenter's Nucleoblastidae, minii^ Crifptoblastus and Acentro- 
tremites. Family 2. Orbitremitidae. Theca globular with concave or 
flattened base. Ambulacra linear, stretching down to concavity of base. 
Hydrospire-folds few and pendent ; a hydi-ospi re-plate always present 
(unknown in HeteroblashiJt). Hydrospire-folds rarely penetrate A, but long 
canals pass onward, through, beside, or imder them, except in Aceiifro- 
tremites. Genera — Orbit renutes, CryptoblastuSy Heterobladns, Mesoblasttc*, 
Acmtrotremites, This corresponds to Etheridge & Carpenter's Granato- 
blastidae, phcs Cryptoblastiis, MesoblastuSf and Acentrotrcmites. Family 3. 
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Pentsphyllidab. Theca subpentagonal, stemlett ; RR aiymmetrical. 
Ambulacra linear, stretching down to base. One shorter than the rest 
Qenus — PerUephyllufn, Family 4. Ztgocrinidae. Theca depressed, stem- 
less, asymmetrical, quadrilobate. Four ambulacra between the lobes, 
accompanied by a single hydrospire on either side. Fifth ambulacrum 
shortened and widened. A large. Qenus — Zyg^erinta, 

A Bibliograpliy of the Eublastoidea was given by R. Etheridge, jun., 
and P. H. Carpenter, ^* Catalogue of the Blastoidea in the . . . British 
Museum," London, 1886. A complete index of names with references 
to literature is furnished by F. A. Bather, " The Genera and Species of 
Blastoidea, with a List of the Specimens in the British Museum,'' London, 
1890. For other references see Nos. 16, 17, 26, 27, 30, 34, 38, 45, 50, 
60, 64, 69, 71, 73, 75, 76, 77, 78, 82, 84, U, 94, 95, 96, in the list at 
the end of Pelmatozoa (p. 211). 
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CHAPTER XI. 

THE ORINOIDSA.^ 

CLASS III. CRINOIDEA, Millxr (1821) 

(:ssCrinoidsa braghiata, Audi, veierum; Eucrinoidka, Zittel, 

1879). 

Sub-Class 1. Monogyclica. 



Order L 
„ 2. 
„ 3. Oamorata. 
Sub-Order 1. Melocrinoidea. 

„ 2. Batocrinoidea. 

„ 3. Aetinoerinoidea. 

Sub-Class 2. Dicyclica. 
Order 1. 



Sub-Order 1. Oyathoerinoidea. 
„ 2. Dendrocrinoidea. 
Order 2. Flexibilia. 

Grade 1. Impiimata. 
„ 2. Pinnata. 
„ 3. Camerata. 

Pklmatozoa in which epithecal extensions of the food-grooves, 
ambulacrals, superficial oral nervous system, blood-vascular and 
water-vascular systems, coelom, and genital system are continued 
exothecally upon jointed outgrowths of the abactinal thecal plates 
(bradiia), carrying with them extensions of the abactinal nerve- 
system. The number of these processes is primitively and norm- 
ally five, but may become less by atrophy. The brachia rise from 
a corresponding number of thecal plates, " radials (BR)." Below 
these is always a circlet, or traces of a circlet, of plates alternating 
with the radials, i,e. interradial, and called " basals (BB)." Through 

1 By F. A. BAther, M.A. 
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all modifications, which are numerous and vastly divergent, these 
elements persist. A circlet of radially situate infrabasals may 
also be present. Below basals or infrabasals there follows a stem, 
which, however, may be atrophied or totally lost. 

Although many Rhombifera simulate Crinoidea in the penta- 
merism of the theca or the possession of exothecal extensions of 
the food-grooves, yet in none are those extensions supported by 
plates that are clearly outgrowths from the abactinal system of 
thecal plates ; in none is there the intimate correlation between 
brachia and radialia that obtains in the Crinoidea. This class 
therefore cannot be derived from the Rhombifera, as many 
structures might otherwise lead us to suppose; the presence of 
brachia also forms a clear distinction between it and Diploporita 
and Blastoidea. A further difficulty in tracing the origin of the 
Crinoidea is furnished by the occurrence of perfectly developed 





kTQ 



Fio. L 



Analysis of tha oop and brachial elements of E-^Mc^ii pnXUwaiicM*, The outlines of the 
food-grooves (iy) are dotted. 

species in the Lower Cambrian, while representatives of all crinoid 
orders are plentiful in Ordovician rocks. Further research, how- 
ever, may throw back the origins of other Echinoderm classes ; in 
any case, negative evidence when Cambrian rocks are concerned 
counts for little. 

Certain features in some of the older Crinoidea seem to throw 
light on their ancestry. Such are the presence of hydrospires, 
comparable to those of CodasUr, in Carahocrinus (p. 172) and 
Hyhocrinus (p. 145); the presence in these and other genera of 
well-developed deltoids (A), over the edges of which pass the ambu- 
lacra, while the posterior A frequently shows signs of a hydropore 
(Fig. XXXVI.) ; the absence of a brachium from certain radials in 
Baerocrinus (Fig. LVII. 4) ; the greater development of three radials 
in many Inadunata Monocyclica (see p. 144). We are thus led to 
a form not unlike that which is; actually presented by HybocystiSy 
Wetherby (1880), from the Ordovician of Kentucky (Fig. L). 
This has 5 large subequal basals, 5 radials, and 5 deltoids. The 
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anus lies between the posterior A and the radial circlet, being 
separated from the latter by a special anal plate (2). The right 
posterior radial is transversely bisected ; its upper smaller portion 
(Rs) being pushed a little to the right by x. The striking 
peculiarity of this form is the continuation of the food-grooves 
over the thecal plates, as in Diploporita and Blastoidea. In the 
right and left antero-lateral rays these pass over the edges of the 
deltoids, over the radials, on to the underlying basals. In the 
anterior and the right and left posterior rays there are two ossicles, 
each as high as wide, supported on the summits of the radials ; 
the grooves pass between the deltoids, over these ossicles, down on 
to the outer surfaces of the radials. These ossicles form exothecal, 
jointed outgrowths of the abactinal thecal plates ; a deep notch on 
their inner surfaces, leading into the cup by a hole between the 
deltoids, suggests that they bore, besides the ambulacral structures, 
also extensions of the abactinal nerve-system. Therefore, although 
incipient, they constitute true brachia, such as are found in no 
Echinoderma except Crinoidea, and they show us the probable way 
in which brachia originated. Hydrospires have not been described; 
but, considering their occurrence in the closely allied Uyhocrinus 
(Fig. XXXVL), they are likely to be found along the radio-deltoid 
sutures, as in Codaster, Brachioles fringing the grooves do not 
seem to have been present, nor has a lancet-plate been observed. 
These facts, as well as the five basals, prove that Hyhoqfstis is not 
an offshoot from Eublastoidea, as indeed its geological age forbids ; 
but it may well be derived from early forms of Protoblastoidea. If 
Htjhocystis be admitted as actually ancestral, then the development 
of brachia in only three rays sheds light on corresponding irregu- 
larities of development in many simple and ancient crinoids, connect- 
ing them in this respect with primitive Cystidea (see pp. 11, 53). 
Another form suggestive of the connection of the Crinoidea with 
the Blastoidea is Stephanocrinus, Conrad (1842), Silurian of N. 
America and England. C. F. Koemer (1851), Joh. Muller(1853), 
and Pictet (1857), regarded it as a cystid ; Etheridge & Carpenter 
(1883) and S. A. Miller as a blastoid ; Dujardin & Hup6 (1862) 
and Hall (1851) as a crinoid ; Zittel (1879) as doubtfully a 
blastoid. Wachsmuth & Springer (1886) proved the presence of 
brachia, which make it unquestionably a crinoid, but said, "It 
agrees by its oral and anal pyramid with certain forms of the 
Cystids, while in its general habitus and in the position of the 
ambulacra it agrees with the Blastoids." Siephanocriniis (Fig. II.) 
has 3BB, 5UH, and 5 A, arranged as in Eublastoidea, especially 
Codasteridae. The radial processes are often prolonged into spear- 
like spines (S), one in each interradius. Each ambulacral groove lies 
in a deep sinus between the deltoids and radial processes, and it is 
continued on to an arm, which rises from a single brachial at the end 
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of the sinus, and immediately bifurcates, the groove forking with it. 
The edges of the deltoids meet beneath the groove, but a space for the 
mouth (" peristome ") is left in the middle. This space, as well as 
the whole groove, is covered by ambulacrals ; these often fuse into 
a single plate on either side the groove, where it passes over the oral 
surface of the theca, and form five plates, likewise often fused, over 
the peristome (P). The anus is between posterior A and the adjacent 
radial processes, and is closed by a valve of four to six small plates. 
Certain pits in a similar position in other interradii possibly are 
atrophied hydrospires (A). The ornament of the cup-plates is strongly 
reminiscent of that in Eublastoidea ; but there are clearly marked 
axial folds passing up from the basals to the arm-facets, perhaps due 
to the greater development of the abactinal nerve-system in the 
brachiate form. There were neither brachioles nor a lancet-plate. 
Stepha/noerinus undoubtedly belongs to the simplest and most 
primitive group of the Crinoidea, and it is hard to believe that its 

Pio. II. 

Stephauioerinus anffukUus. 1, 
from anterior radius, x 2 diam. ; 
9, from oral nurface, x 4 diam. 
(from Brit Hun. E6715). An, anus, 
covered by plateH; Ax, axillare, 
from which are 8Upi>otied to iipring 
two anii-romi; Br, pottition from 
which these spring, between S, 
spines formed by radial processes, 
broken off in 2, and showing (A) 
supposed atrophied hydroepireH ; 
P, laiKe covering. plates over the 
peristome, which is surronnded by 
the five orals or deltoids (oy. 

1 2 

remarkable resemblances to Eublastoidea are merely homoplastic, 
especially since the position of the small basal is not one which 
usually occurs in other Crinoidea that have fused basals. 

However the crinoid or brachiate stage in the history of the 
Pelmatozoa may have been reached, it will be useful to recapitu- 
late here the common pelmatozoic characters as well as those 
distinctive of the Crinoidea, as manifested in a normal crinoid of 
simple Btmctnre. The specialisation of those characters will be 
shown historically in the systematic part; but since many 
structures have been produced or modified in the same way more 
than once, a general account of the processes may be given here. 
We can speak more decidedly on questions of development and 
internal anatomy in this class, since the differences between extinct 
and recent genera are not such as to hinder interpretation. 

A normal Crinoid was thus described in 1821 by J. S. Miller, 
the founder of the class: "An animal with a round, oval, or 
angular column, composed of numerous articulating joints, 
supporting at its summit a series of plates or joints forming a 

7 
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cup-like body containing the viBcera, from whose upper rim 
proceed five articulated arms, dividing into tentaculated fingers, 



more or less numerous, surrounding the aperture of the mouth, 
situated in the centre of a plated integument, which extends over 
the abdominal cavity, and is capable of being contracted into a 
conic or proboscal shape. Some species of these animals ascer- 
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tained to be permanently attached to extraneous bodies, whilst 
others appear to have been capable of locomotion." So little is 
amiss with this description, that we need do no more than trans- 
late it into modem terminology, as follows : — 

A normal Crinoid (Fig. III.) consists of a " crown " {wroMi) 
attached by its dorsal (».6. aboral) extremity to a " stem " (a>^ttimia), 
which is fixed to the sea-floor or to some solid body by a " root " 
{jadi£). The crown consists of a ihua (or calyx, in the sense 
of Wachsmuth & Springer) containing the viscera, and of 5 
''arms" {})ra(3iia^y which may be more or less branched. That 
part of the theca below the origins of the free arms is called the 
''dorsal cup" (or shortly "cup"); that part above the origins of 
the free arms, ».«. the oral surface, is called the tegmen (sometimes 
" disc," sometimes "vault," between which a distinction erroneously 
used to be imagined). The skeletal and many of the other 
systems have a radiate arrangement, of which 5 is the dominant 
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Imaginary analyies of tli« Btracture of the donal cup io two Bimple type* of Crinoid. 

number. Thus the whole animal can be divided into 5 cor- 
responding and almost symmetrical sections, " pentameres," by 
5 imaginary "perradial planes," starting from the vertical 
dorso-ventral axis and passing through the origins of the arms. 
The skeletal elements are either perradial or interradial in 
position. 

The Dorsal Cup in its simplest form is composed of 2 or 3 
circlets of 5 plates, those in one circlet alternating with the 5 in 
the adjacent circlet (Fig. lY.). Of these the most important are those 
that support the brachia, and to them the term radiaiia (KR) is 
restricted. The interradial plates below these are called basalia 
(BB), since in many crinoids they form the base and rest on the 
stem. In some crinoids a circlet of perradial infrabcualia (IBB) 
occurs beneath the BB (which latter are then called parabaaalia 
by some writers). The former type of base is called " monocyclic "; 
the latter "dicyclic." 

The Tegmen in its simplest form is likewise composed of 5 
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plates, ddtoidea (A), here regarded as synonymous with orcUia (O), 
alternating with the RR (Fig. V. 1). But there are nearly always 
also present *' ambulacralia '' ( Amb or c.p), covering the grooves 
that lead between or over the apposed edges of the A to the 



Fio. V. 

Three flta^A in the evolution of the T^nuon. 1, oraln only : 2. om\n and aiubukcnki ; 
8, oimls, ambiiUcimls, and enlarged {leristoniial auibulacralH. 

brachia (Fig. Y. 2). The mouth is either beneath the A or in a 
space between them ; in the latter case it is covered by ambulacrals, 
often 5 in number and iiiterradial in position, and taken to be 
orals by some writers (P in Fig. V. 3). The posterior A in man}' 
primitive forms seems to have been pierced by a 
hydropore, the walls of which may be folded so as 
to form a madreporite (cf. Stelleroidea and Echi- 
noidea). The anus (As) lies between post. A and 
the adjacent KR, and is closed by a valvular 
^■p ^ pyramid, often surrounded by, or raised on, small 




The Brachia in their simplest form consist of a 
series of ossicles called hrachialia (Br), which con- 
tinue straight up from the radials (Fig. VI.). The 
surface of the radial to which the proximal brachial 
is attached is called the "radial- or arm-facet." 
Each brachial is rounded on the outer or dorsal sur- 
face, and grooved on the inner or ventral surface. 
The ventral or brachial groove contains the follow- 
ing soft parts, taken in order from ventral to 
dorsal (Fig. VII.). On the surface, the food-groove 
(f.g), lined with ciliated epithelium (^), which directs 
a stream of water towards the mouth; an epi- 
thelial nervous band (nl) stretching from the 
superficial or oral nerve - system ; a blood-vessel (6), "radial 
pseudhaemal canal"; a water - vessel (t^;), which gives off tubes 
(p) to a series of podia or "tentacles" {t) that fringe the 
food -groove and subserve sensation and respiration ; two " sub- 
tentacular canals " (s./.c), extensions from the body-cavity ; a canal 



branched arm, that 
of Hybocrinut. Ji, 
radial ; Br, bra- 
chial ; c.p, cover- 
ing-plates or am- 
bulacrals. 
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containing the genital cord or rachis (^.c) ; and a " coeliac canal " 
(cc). On either side of the water-vessel, beneath the tentacles, is a 
senso-motor nerve (n2), giving off branches to the muscles of the 



Fio. VTT. 
T)iaf;ram of soliil section of a Ciinoiil arm. For e? lation of Icttflrs see adjoining text. 

water-canals and to sensory papillae (.<:) on the tentacles. Below 
all these, in a special groove on the very floor of the main brachial 
groove, lies another nerve, the " axial cord " (p>*c)^ proceeding from 
the aboral or dorsal motor nerve- system ; the groove in which this 
lies is often (as in Fig. VII.) separ- 
ated from the brachial groove Alk AiS^ A^ MA. 
during individual development ^P ^^ ^^ ^^ 
by an outgrowth of stereom, and i 2 3 4 

is then known as the ^' dorsal " or |..,„ yiii. 

" axial canal " (Fig. VIII.). The sta^eK in tlie separation of an axial canal, 
airift.1 i*t\Tf{ BAnHa nflP Viimn/tViAa ln.'K\ oxempliflwl by brachials of r7t<.iocrift«.>.- f/omV 

axiai cora senas on orancnes ^n^j; aaay^m. i i8 youngest ; 4, oMo«t. xo.iiam. 
to all the muscles of the arms, 

and to supposed sensory endings in the ectoderm (ec?), and is con- 
nected with the subtentacular nerves. All these soft structures 
in the ventral groove are protected by covering-plates (c.^?), also 
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called '' ambulacrals " (Amb), which can open or close as occasion 
demands (Fig. IX.). 

We may now trace the various 
extensions of the Body Systems into 
the Thecal Cavity. 

The food-grooves and associated 

structures, except the axial cord, pass 

over the tegmen to the mouth, into 

which the food -grooves drive their 

streams of water. The mouth leads 

into a gut, which makes a dextral coil 

down to the bottom of the cup, and 

^ Fio IX *^ ^^®° "®^ along the side of the cup to 

AmbuiacmK' 1. ventntMiew of ^he anus ; this system, then, is not 

two brachials of Ginocrinv* mptami- affccted bv radiate svmmetrv (see 

fer, with c.p cIomhI abovn mid re- -,. ^-^t «\ J \ 

moved below, x 8 diam. 2, side view Fig. VII. p. 9). 

^^T^^ii.:lr^'^rter^aT)\ The epithelial nerves on the floor 
aimTui:S&re)rbe'?w^^^^^^ ^^ ^^« food-grooves also pass to the 
are seen notches for saccuu (p. 187X mouth, where they joiu an epithelial 
^^* ****"** ridge encircling the mouth; from 

this "oral ring," nerves pass to the walls of the gut. The 
paired subtentacular nerves run down to a subepithelial, 
" circumoesophageal nerve-ring," below the oral nerve-ring. From 
this ring proceeds, in each interradius, a pair of nerves which 
innervate the tegmen and the mesenteries of the body-cavity. This 
nerve-system is connected with the aboral nerve-system in a manner 
explained below. 

The radial pseudhaemal canals join a " pseudhaemal ring " 
round the oesophagus beneath the oral nerve-ring ; these structures 
are hard to distinguish, and even in other classes, where they are 
better developed, their origin is not yet clear. There is, however, 
surrounding the oesophagus a *^ lacunar plexus " belonging to what 
is generally called the blood-vascular system. The circumoeso- 
phageal ring is connected with two vascular trunks leading from 
the plexus that surrounds the intestine and that absorbs nutrient 
substances therefrom ; these substances appear to be worked up 
into corpuscles by a "spongy organ" in the oesophageal ring. The 
ring is also connected with a plexus that passes down the vertical 
axis of the theca, through the coil of the gut, to the base ; this 
surrounds the " axial organ " (vide infra). 

The water- vessels (perradial ambulacral canals) meet in a 
circumoesophageal water -vascular ring (hydrodrcus) ; these struc- 
tures have longitudinal muscle-bands, as well as muscle-fibres 
traversing the lumen; no ampullae or valves are differentiated, 
as they are in forms where this system has a locomotor function. 
In so simple a crinoid as is here in question, there is good reason to 
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believe that the water-ring opened into the body-cavity by a single 
ciliated canal in the posterior interradius ; and that the body-cavity 
communicated with the exterior by a single hydropore in post. A, 
sometimes merged in the anal opening (as probably in Blastoidea). 
This system was not as yet completely affected by radiate sym- 
metry ; but in some forms it became so by the development of a 
similar canal with corresponding hydro- 
pore in each of the other interrsulii (Fig. 
X., compare Figs. XXXIV., XLVI., and 

oxnr.). 

The two subtentacular canals of each 
arm enter a division of the coelom that 
passes down the vertical axis through 
the coil of the gut, and is known as the ^^^' ^' 

"axial BinuiL" The dorsal coeliac canal uJ;r''*KS.«.««'^poft 
passes into a division of the coelom that l"''i^'"''''J2?i™rf.SSl?°rf 

* , Ludwig. 0, coelomic space; <y, 

surrounds both axial sinus and gut, and connective tissue nbres ; 9, wall of 

is called the " peri - intestinal cavity." SlVmillipill^uJ^^^jrpSJfrJ.S^ri^^^ 
The remainder of the coelom, surround- ^«^;*c,.tonecai,*i;r.»tereofn 

ing the latter, is called the "subtegu- 

mentary cavity." All these divisions of the body -cavity are 
lined by endothelium, and are separated from each other, as 
well as penetrated, by connective tissue, in which spicules are 
often richly developed. From the peri -intestinal cavity, at its 
aboral end, there are in thik way cut off five chambers, which 
surround the axial sinus, and are themselves covered on all sides 
by epithelium, containing ganglion -cells and nerve-fibres; the 
whole structure b called "the chambered organ" (see Fig. XX. 
p. 24). 

The genital rachis of each arm is connected with a complex of 
twisted, fine canals,, called the " axial organ " (see p. 23). This 
passes down the axial sinus, widening in the middle of its course, 
and then narrowing to a thin strand as it passes between the 
five chambers just mentioned. 

The axial nerve-cord of the arm does not, as all the organs yet 
dealt with, pass to the oral centre, but enters the 4^heca over 
the radial. If there is a separate axial canal, it may be continued 
through the radial facet into the substance of the thecal plates. 
The cords ultimately pass into the epithelial covering of the 
chambered organ, but their passage is not a direct one (Figs. XI. 
and Xn.). Each cord is really a double structure, connected 
at intervals by chiasmas, and so soon as it enters the radial it 
divides into two branches, one of which proceeds to the basal on 
the right, the other to that on the left. In addition the branches 
are connected with each other and with those of the other radii by 
a series of commissures that form rings all round the cup. One 
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such ring is at the level of the radials. If the crinoid have a 
monocyclic base, the cords that pass to the basals join one another 
in a ring immediately surrounding the chambered organ, the 







^.; 



Kl.:. XI. 

Coil me of axial lu'rve-conls in Isoirluiis. DinKmnimatised from s<'ctioi)a figured by P. H. 
Carpeiit<>r. li, lMu>al ; U, nulial ; ax, nxtal on:nii ; cA, live chambers of chambered organ ; nl, 
nerve-cord from Ji to Ji ; «2, cord pflssing <lo\vii Ji ,- k3, cord from Ji to rndially placed lobes of 



chambered organ. 



lobes of which in this case correspond with the basals, i.e, are 
interradial. If the base be dicyclic, the ring forms a commissure 
at the level of the centres of the basals; and from these points 



Fir., xir. 

Course of axial nerve-conU in Dicyclic (/>), Piieudomonocyclic (P), and Monoeyelic (JH) 
Crinoids. co, lobes of chambered onrnn, the connecting nervous sheath omitted for greater 
clearness ; r.c, ring commiHKure in radials ; other letters as usual. 

the cords again fork towards the adjacent infrabasals, where 
they join in another ring round the chambered organ, the lobes 
of which in this case correspond with the infrabasals, i.e, are 



Digitized by VjOOQIC 



THE CRINOIDEA 



105 



radial. Nerves from these cords are given off to the stroma of 
the cup- plates. This system, as experimentally proved, chiefly 
by W. B. Carpenter (1876 and 1884), in opposition to the 
scientific opinion of his time, is a senso- motor nerve -system, 
governed from the nervous capsule of the chambered organ. 
By means of the commissures the motion of all muscles is cor- 
related. Primitively the cords lie on the inner surface of the 
cup; they then become bordered by ridges of stereom, and 
finally enclosed within the cup-walls. Branches from these nerves 
unite with the interradial nerves that proceed from the circum- 
oesophageal nerve-ring. 

To turn to the Stem. We have already traced its probable 
origin as an evagination of the many-plated theca of Amphoridea, 
and the gradual introduction of order into the irregular plates (p. 4 8). 
In the pentamerous Crinoidea, these naturally became subjected to 
pentamerism \ and evidence of many of the older crinoids shows that 
the plates were at first hexagonal and arranged in alternating circlets 



Fig. XII L 

Evolution of Pnitamorism in tht* 
Stem. IJointHurfaceofacohunnnlcom- 
poserl of flvo sections, wliicli altpniate 
with the angles of the stein-Ituiion ; 2, 
porticii of a stem compoRwl of liexag- 
onal alternating platex, whicli in 3 be- 
come arranged mom definitely in hori- 
zontal rows; 4, continuanea of the 
process results in colnmnals of five pen- 
tameres. The figures are of Botryo- 
crinus stems (after Bather). 




of 5, just as plates of the theca (Fig. XIII.). The next stage was 
that in which the plates no longer alternated, but were arranged in 
horizontal rows divided by five longitudinal sutures. Finally, the 
pen tameres of each row became fused to form a " columnal," still 
pierced by a wide lumen. This regularity was perhaps connected 
with the extension into the lumen of a vessel from each of the five 
lobes of the chambered organ, with its nerve-sheath (axial cord) ; 
the five cords surrounded a prolongation of the axial organ. In a 
monocyclic crinoid the axial cords would be interradial, as are the 
lobes of the chambered organ, while the pentameres would alternate 
with the basals and be radial. In a dicyclic crinoid the cords would 
be radial, the pentameres interradial. The exterior angles of the 
stem usually correspond with the pentameres, but not always. 
The cirri, or side-arms of the stem, correspond, for reasons that 
will appear presently, with the axial cords. The lumen of the 
stem is often split up into grooves by ingrowths of stereom ; and 
these grooves primarily contain the axial cords, and may even form 
closed canals containing the cords, but this correspondence is not 
inevitable. The so-called "law of Wachsmuth & Springer," 
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BummariBed in the annexed diagram (Fig. XIY.) and table, is in itself 
empirical, applicable only to pentagonal stems or lumens, and even 
then liable to exceptions (marked * in table) ; but by attending 



DICYCUC 



MONOCYCLIC 



Fio. XIV. 

Ck>mi)ari«OD of the DIeyclic and Monocyclic bMe. B, bMal ; Br, breehiabi mnrkinf the At* 
rayi ; ei, cirri, only three ont of the tlve are shown ; co, ^ntaineres of colomn ; /B, inftmbaaal ; 



II, nenres going to cirri fh>ni ext^naiona of capsule 
meres of stem. 



radial; «, antnres between psnta- 



(as is here done) chiefly to the relations of the axial cords, we shall 
have a surer guide for discrimination between monocyclic and 
dicyclic crinoids in the many doubtful cases that occur. 





DlCTCLIC. 


MOVOCYCUC. 


BB [lobes of capsule in Monocyclica] . 




Interradial 


IBB [lobes of capsule in Dioyclica] 


Radial 


... 


Pentameres of stem {p) 


Interradial 


RadUl 


* Outer angles of stem . 


Interradial 


Radial 


Vertical sutures of stem («) 


Radial 


Interradial 


♦Sides of stem .... 


Radial 


Interradial 


* Angles of lumen of stem 


Radial 


Interradial 


Cirri, when j^resent (c) 


Radial 


InterradUl 


[Axial cords] .... 


Radial 


Interradial 



The primitive crinoid is attached by the distal end of its stem ; 
and it is supposed by many, from the evidence of the embryo 
Aniedon (Fig. XV.), that there is developed at that point a special 
fixing plate, to which they apply the term " dorso-central," which 
must not be confused with " centro- dorsal" (see especially the 
writings of P. H. Carpenter). Palaeontology does not lead us to 
regard such a structure as primitive, or to ascribe to it any morpho- 
logical importance. As a rule, skeletal growth takes place at the 
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distal end of the stem after two main plans: (1) Deposition of 

solid, unjointed stereom, around the distal columnals, forming an 

encrusting plate or mass (Fig. CXIII. 2); this 

occurs on rocky bottoms. (2) Outgrowth of jointed 

branches from the plated end, forming "radical 

cirri," often with traces of polymeres like those of 

the primitive stem, often very long and branching 

again, and always with a lumen which contains 

an extension of the axial cord (Fig. CXVI.) ; this 

is adapted to a muddy bottom. The radical cirri 

arise from the vertical suture-lines of the stem, by 'w- xv. 

the intercalation and outgrowth of small plates, of'uIl^ai'^JiSoI^w? 

and the extrusion of the axial cord (Fie. XVI. 3). A**, after WTviiie- 

T xi- t u • X xi- • • J 11 Thomson, x 20 di&m. 

In the course of race-history the cirri gradually ap- eo<,flMcicuUrMter«oin 
pear higher and higher up the stem (Fig. XVI. 1), SlnSrri.t;;;;^^ 
and at the same time become shorter, more mobile, 
and eventually arranged in whorls (Fig. XVI. 5). At these levels 
the axial cords of the stem swell out, forming a repetition of 
the chambered organ (Fig. XVI. 4). 

The columnals are rarely all of the same height ; certain con- 
spicuously larger ones, including those that bear cirri, are termed 



Fio. XVI. 

Evolution of cirri. 1, part of stem of a Silurian crinoid with large, branching cirri (Brit. 
Mua. EISM). 2, section acrofl!« stem of a Carboniferoun crinoid, showing branch fh>m axial 
canal to cimis (Brit. Muh. E0708>. 8, root of /lorycriniw, with cirri originating betwe<»n 
pentomereii (modifled firoin Waclismuth fs. Springer). 4, section across stem of ImcHuhk 
tVypilU'Th^tuu>ni at l<»vel of cirrus-whorl, the central portions disproportioiiiitely enlarged 
for greater deaniess. 6, part of stem of Inocrinut decornt^ with cirri in whorls of H ve. 

"nodals"; those between them " internodals " (Fig. XVII. 1). 
Nodals are the first columnals to be formed during growth; 
internodals are subsequently intercalated between them, and 
again fresh internodals between the first formed internodals, and 
so on. Fresh nodals are developed at the proximal end of the 
stem, so that in that region are more nodals, while distally are 
more internodals (Fig. XVII. 2 and 3). In one type nodals are 
introduced immediately beneath the base of the cup, so that the 
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proximal columnal is always the youngest. In another type the 
proximal columnal is one of the first formed, and remains attached 
to the cup, new nodals being introduced below it (Fig. XVII. 
4-7). This proximal columnal is called ixrtide based by P. de 
Loriol, and " centro- dorsal " by others, erroneously. It is here 
called the proximale. 

The Connection between the Elements of the Crinoid Skeleton 
is primarily by means of the fibrils of the stroma in which they 
are deposited. This condition persists in the *' primitive suture," 
and from it development proceeds in the direction of either 
greater rigidity or greater flexibility. Towards rigidity we have : 
(1) "Close suture," in which the fibres are short, and their ends 
surrounded by denser layers of stereom on the apposed surfaces of 








The RolatioiiR of the Stem. 1, portion of st4^m of (iastrocrinus jxitulu$ (mwURed fh)m JaokcIX 
the latest formed coluiniials ore numbered 1, the oldest 6 ; .> and bwir ciiri. 2, proximal, an«l 
3 distal, fpgions of Ht*»in of Isncrinns litconm (cf. 5 in Fig. CF.), ". no<lals (nin<lill(>d from I*. U. 
Cjirpenter). 4, proximal region of stem of On^nhH:num (aftor WachRnmth k Springer), show- 
ing infrabasals {IB) fused to proximale {1% 6, proximale of Ajniu-rianx Wcf/<i)w. I>efr., showing 
depressions for Hit (Urit. Mus. K0711). 0, cup ami i»art of tteni of A. cleijititx, showing 
proxinmleand other enlarged columnals (l>ased on Hrit. Sins. K(.7fh» ami E6710). T, ixjrtion of 
cnp and stem of Milleiicrinus 'pol)filnctjihiit (niodiflwl from V. de Loriol), showing minute 
infrabusals atUichod to proximale, also new colunmals forming (/). 

the ossicles, which are thus closely and immovably fitted together, 
though separable by alkalies. (2) " Syzygy," a special case of close 
suture between brachials or columnals (Fig. XVIII. 2, 3, and 4), 
in which the upper ossicle, "epizygal," bears a pinnule or cirri, 
as the case may be, and the lower one, " hypozygal," bears none. 
(3) " Anchylosis " or fusion, when two ossicles are immovably 
cemented by an unbroken deposit of stereom, which, however, 
is less solid than that of the plates themselves. Towards flexibility 
we have: (1) That form of "loose suture" in which the stroma- 
fibrils lie at right angles to the suture, and the stereom is thrown 
into corresponding folds (cf. pore-rhombs of cystids), or that form 
in which there is a slight facet, either smooth or striated (Fig. 
CXI. 3), or interlocking crenulations (Fig. XVIII. 1). (2) "Imper- 
forate articulation," in which there is a slight facet, or a toothed 
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articular surface (Fig. XVIIL 5) ; the fibrils are at first developed 
into elastic ligaments, and later into true muscles. (3) " Perforate 
articulation," in which there is a highly developed facet, with f ulcral 
ridge, ligamentar depressions, and muscles innervated from an axial 
cord which perforates the ridge (Fig. XVIIL 6). 

In such a simple crinoid as that under discussion the cup-plates 
would be united by close suture; the tegminals, probably by 
primitive suture, or loose suture of the rhomb type ; the brachials, 
by imperforate articulation, perforate being a later development ; 
the columnald, by loose suture of the striate type. 

The Skeletal Elements of a crinoid may be thus classified : 
" Primary Elements," the first to be developed in both ontogeny 
and phylogeny, divided into — "abactinal," developed on the 
right or aboral coelom, and directly innervated from the chambered 



t 




Fuj. XVIII. 

Fomu of Joint. 1, sutural mnr- 
of cup>i)latA of Manuititen 
^'original). 2, bnicItialH fh)ni denial 
Hide, X 10. 8, ditto Troni vniitral 
Hide, X V- 4, dUtal fac« of lIBr,. 
a hypozygal, x ^. (2, S, and 4 are 
of Antedun tnflda, after W. B. Car- 
penter.) 5, articular facet of mdial 
of I*i$ocriiiU8 oUuUi, x 8 (after 
Batlier). 6, articular facet of radial 
of Jiathycrinus aUlrichianus, x 8 
(after P. H. CarpenterX ac, axinl 
canal for nerve ; d/, dorMil Wan- 
roent; /, flilcral ridge; it, inttr- 
articular ligament ; n^ muHcle 
fossa; n, notch for axial nerve; 
Pt pinnule; p^, pinnule-Okoet ; ^ 
syzygy. 



organ, viz. columnals, cirrals, IBB, BB, RR, Br, and pinnulars 
{vide infra) ; " actinal," developed on the left or oral coelom, and 
connected with the various oral ring-systems, viz. A (orals) and 
ambulacrals (Chapter VIII., Fig. X.). "Secondary or Supple- 
mentary Elements," which may be intercalated between the primary 
pieces ; these have not yet been discussed ; they include " inter- 
brachials" (iBr), " interambulacrals " (iAmb), " interaxillaries " 
(iAx), some " anals," and a few others of no special importance. 

The terms "proximal" and "distal" are reckoned from the 
plane separating stem from crown, so that the infrabasals and top 
columnal are the proximal elements of crown and stem respec- 
tively. The actinal elements, however, start from the oral centre 
as proximal point. 

For orientation the crinoid is placed in its natural position, 
mouth upwards, and is viewed from the anal side. The anal 
interradius is then posterior ; the radius opposite it is anterior ; 
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right and left correspond with the right and left of the observer. 
To preserve this orientation when the crown is viewed from above, 
the anal side must be nearest the observer (do¥mwards in a 
figure); when viewed from below, the anal side must be away 
from the observer (upwards in a figure). Such is the rule followed 
in the drawings illustrating this book, while in the various analyses 
the anterior radius is always placed on the right of the figure. 
Various modes of designating the radii have been attempted. To 
extend to the Crinoidea Lov^n's Echinoid numeration, is to postu- 
late an homology that is far from ^oven. The annexed table 
compares with other systems the symbols here used : — 



OrientoUon m above dewaibed. 


Syiiibola here 

UMd. 




in. 




Anterior Badiui 


ant R. 


A 


ant 


[1 


Right Anterior Interradios 


r. ant IR. 


A-B > 




8 


1. ant 


Right Antero-ktersl Radius . 


r. ant R. 


B 


d 


IV. 


I. ant-lat. 


|£ 


Right Postero-latoral Interradiui 


r. post IK. 


B-0 


'JS 


4 


L post-lat 


Right Posterior Radius . 


r. post R. 
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We have now run through the chief characters of a normal 
crinoid of simple structure. Few are so simple as this, but 
various modiflcatioiis have occurred in the history of the claaa, 
some perhaps only once, others at different geological periods in 
races of diverse origin. Some of these, especially when of im- 
portance for classification, must now be discussed. 

Some crinoids have a Dicyclic, others a Monocyclic Base (p. 
99). The value of this in classification is disputed. Among 
various early genera, placed by Wachsmuth & Springer in a 
single family (Keteocrinidae), some are with, some without infra- 
basals, having the angles of the stem-lumen respectively radial 
and interradiaL But the yet simpler genera, from which presum- 
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ably these genera descended, probably differed in the same way ; 
and reeemblancee, undoubtedly of secondary nature, should not 
lead us to place together forms of diverse origin. The distinction to 
be drawn between monocyclic and dicyclic genera is more obvious 
in the simpler crinoids ; but here too there are parallel stages 
passed through — the mpnocyclic locrtMu and Heteroerinw (p. 145) 
correspond with the dicyclic Merocrimu and OUa/ioaerinus (p. 178) 
respectively. Since the presence or absence of infrabasak is coi^ 
related with the radial or interradial position of the lobes of the 
chambered organ, the derivation of one type from the other 
involves more change than the mere atrophy or appearance of 
certain plates. Hence monocyclic and dicyclic genera should not 
be placed in the same line of descent, unless this change can be 
proved : there is no reason why they should not have been inde- 
pendently evolved. The origin of Dicyclica from Monocyclica 
is, in fact, opposed by the available evidence; but Monocyclica 
may conceivably have been derived from Dicyclica in one of two 
ways, outlined in the next two paragraphs. 

There are, especially among the later crinoids, several genera 
known as '* pseudomonocyclic," because though infrabasals are in- 
visible or absent, at all events in the adult, the evidence of the 
axial cords (e.g. in Bhizocrinus) of palaeontology (e.g. Apiocrinus 
and Peniaerinus^ or of embryology (e.g. AnUdon), demonstrates the 
existence of infrabasals either in the young or in near ancestors. 
Discoveries of this nature have strengthened Wachsmuth & 
Springer's law by affording a rational explanation of apparent 
exceptions* But suppose secondary growth of stereom to occur 
in a pseudomonocyclic genus, converting the angles of the stem 
from interradial to radial, and the angles of the stem-lumen from 
radial to interradial. Then, if recent examples were known, the 
law, as emended above (p. 106), might be applied successfully; 
but it would not tell the truth if only fossils were available, and 
the crinoid would pose as monocyclic. Such changes are actually 
observed in the growth of Aniedon, while in Isocrinus, which other 
facts prove pseudomonocyclic (Fig. XI.), the angles of the stem- 
lumen in the proximal region are interradial, as if the genus were 
truly monocyclic, though the downward prolongations of the 
chambered organ are radial. In Olypiocrinus FomAeUi the angles 
of both stem and axial canal are radial ; since there are actually. 
no infrabasals, we may suppose secondary ingrowth of stereom, 
and this is confirmed by S. A. Miller's description of the columnals 
(1874). 

The changes just described leave the essential distinction 
between monocyclic and dicyclic genera untouched (as shown in 
Fig. Xn.); and among the earliest crinoids there is little evidence 
of pseudomonocyclic forms. There is, however, a possibility that 
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the change from Dicyclic to Monocyclic may have t^ken place, 
not by compression and atrophy, but by torsion and fusion. Many 
monocyclic genera of Ordovician and Silurian age have some 
radials (usually r. post., r. ant., and 1. ant. RR) transversely bisected ; 
the upper part is called "super-radial" (Rs); the lower part, 
" inferradial " (Rt), (see Fig. LVIIL). Now, in some dicyclic 
genera (e.g. Ottawacrinus, Fig. XCVL), perhaps in consequence 
of the introduction of fresh plates in the anal interradius, the 
radials are shifted to right and left so as to lie almost vertically 
above the basals. The suggestion then is that the inferradials and 
basals of Monocyclica represent basals and infrabasals respectively 
of Dicyclica. If then the Rs and Rt fuse, a truly monocyclic type 
is produced with one circlet of BB and one of RR. One obvious 
objection to this theory is the presence in many Dicyclica of a 
plate (the radianal, RA), which is now generally regarded as a 
slightly modified inferradial (r. post. Kt), (Fig. XXVI.). Other 
objections to this and similar views, based by P. H. Carpenter 
(1878) on alleged homologies with the apical system of Echinoidea, 
have, it is true, been somewhat discredited by modern embryological 
and palaeontological research. Nevertheless, for the present the 
gulf between Monocyclica vera and Dicyclica is unbridged, and 
must be recognised in classification. 

The dorsal cup of a simple crinoid consists of two or three 
circlets, but there is often a tendency for the proximal brachials to 
be so joined to the radials and to one another as to form part of 
the cup (Fig. XIX.). There is, however, a supposed 
morphological distinction between these "fixed 
brachials " (Br) and the radials : the latter are de- 
veloped in the ArUedon larva as expanded sieve- 
like films; but all brachials begin as "imperfect 
rings, which soon become filled up with lengthening 
fasciculated tissue" (P. H. Carpenter, 1884; see Fig. 
XIX.). In a form where many brachials enter the 
dorsal cup, it is convenient to have a common tern 
Fio. XIX. ^OT the primitive elements of the cup (IBB, BB, 
R, radial, crib- ^^) ' ^omQ Call them the " apical system," postu- 
/B?"" rimibmSi' ^*^^^g * homology with the plates so called in 
fks^icuiate "ste- Echinoidca ; the old term patina is shorter and safer. 
S^™ii/ute, x^'. To understand the extension of the cup beyond 
i^w. °B.^^^ the patina, it is necessary first to study the Arms 
penter.) or Brachia (Fig. XX.). These are rarely single. 

The first step in advance is a bifurcation, con- 
stantly repeated in a regular manner (regular dichotomy or 
isotomy). Modifications of this occur through the suppression 
of a bifurcation at definite points (irregular dichotomy or hetero- 
tomy). In each half of the arm, the first branch on the right, 
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then the first on the left, and so on, may be smaller than the other 
branch. Thus there arises a main trunk giving off smaller branches 




Pio. XX. 

Specialiaation of anii-brancliing. 1, a non-piunulate, rcKnlarly rlicliotomoug arm (isotomouN) ; 
2, a less regular dichotomouii arm, a type common in Cyathocrinoidea ; 8, 4, two Mta^eK in 
thH evolution of unilateral heterotomy ; 5, 0, 7, three MtageH in the evolution of bilateral 
lieterotomy, culminating in pinnulation. For other types, see Fig. CX. 

right and left alternately. These smaller branches may themselves 
undergo a similar process, and so form armlets {iramvlx) borne by 
the main arm -branch 
i^amui). When the 
ramules cease to branch 
themselves, and are reg- 
ularly placed on alter- 
nate sides of successive 
brachials of the main 
branch, they are called 
pinnulae, and the arm is 
" pinnulate." This pro- 
cess of evolution has 
been phylogenetically 
traced in Botryocrinus 
(Fig. XXL), while the 
primitively dichotomous 
origin of the pinnules 
may be seen in the 
developing Aniedon, 
The pinnule, as P. H. i fio. xxi. 2 

Carpenter said, is an SvoluUon of pinnules in BctryocHnuM. I, B. mmonrt. 

-«—«» ;«* •««:.«:» 4.,,«.A . ;<■ • species in which each arm has two rami bearing branched 

arm m mmiature , it ramall ; 2, B. <Ucadaetylv4, a species in which the two lami 

HifFAm in nnthitiir hut bear runuli, of which all except the proximal one are un. 

amers in notning out benched, i^d are almost regularly disposed. In B, pin- 

position from the small nuUUue the ramuU have become regular uubranched pin- 

*^ J , , # • 1 nulee. (After Bather, 1891.) 

end-branches of a simple 

dichotomous arm; but, in a pinnulate arm, it differs from 
the ramus by the restriction to it of the fertile portions 

8 
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of the genital rachis. The pinnule differs in origin, and prob- 
ably in structure and function, from the brachiole, which is an 
independent ezothecal process (see p. 41). Whether such struc- 
tures as brachioles occur in Crinoidea is disputed. Wachsmuth & 
Springer (1897) appear to regard pinnules as independent develop- 
ments, rejecting the above theory of their origin. Jaekel (1894) 
accepts the theory for most Inadunata and Neozoic crinoids, and 
speaks of the organs as ramuli, restricting the term " pinnulae '' 
to the similar organs of the Palaeozoic Camerata (Cladocrinoidea, 
Jaekel) and to the cystid brachioles, which he regards as homo- 
logous. His view is admissible, but lacks proof. 

In simple dichotomous arms, each brachial that supports two 
branches does so by two upper sloping sides, or shoulders, of 
equal size, each notched by the ventral groove, and pierced by the 
axial canal, which branches with the arm. Such a brachial is 
called aodUare (az), and all that part of the arm borne by any 
single axillary is a '* dichotom." The branches of the axial cord 
are united at their bifurcation by a criss-cross of nerve-strands 
(ehiasma) serving to correlate their activities. As the size of one 
half of a dichotom is reduced, the supporting shoulder of the 
axillare is narrowed. Continuance of the process tends to bring 
the wider shoulder more parallel to the under joint-surface of the 
axillary. Thus a pinnulate arm of primitive structure consists 
of a series of axillaries in which the alternate right and left 
shoulders are wide and almost parallel, while the others are 
greatly reduced and bear pinnules. 

A pinnulate arm may consist of two rami, or each ramus may 
bifurcate just as in a simple arm, though never to the same 
extent. The axillaries on which the rami fork remain unmodified, 
and with equal shoulders. It is convenient to distinguish these 
as " main-axils " (Ax). 

Owing to the great variation in the branching of the brachia, 
it is extraordinarily difficult to devise a consistent terminology, 
or to denote any particular ossicle in a concise and intelligible 
manner (for fuller discussion, see Wachsmuth & Springer, 1897; 
and Bather, Ann. Mag. Nat, Hist. Jan. 1892; and Geol. Mag. 
July 1898). In a non-pinnulate dichotomous arm all brachials up 
to and including the first axillary may be styled primbrctchialia or 
'^primibrachs^' (IBr), the axillary being distinguished as "primaxil " 
(lax); the following Br in each branch are '' secundibrachs " (IIBr), 
with a " secundaxil " (Ilax) ; then succeed " tertibrachs " (IIIBr), 
'* quartibrachs " (IVBr), and so on. In a pinnulate dichotomous 
arm the IBr do not as a rule bear pinnules, and are therefore 
homologous with the IBr of a simple arm ; but of the next series 
only the proximal brachial of each ramus is strictly homologous 
with the IIBr of a simple arm, the pinnule borne by it, together 
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with the next Br, representing the IIIBr of a simple arm. To use 
the same terms is especially perplexing in intermediate forms; 
but solutions of the difficulty, though proposed, have not gained 
general approval 

For descriptive purposes, a dichotomous arm is viewed from 
the dorsal, i,e. aboral surface, and " right " and " left " equal right 
and left of the observer. The mediad rami are called interior ; 
those to the sides, exterior. A particular brachial in any series 
is denoted by placing a small Arabic numeral after the symbol — 
nBr^ I^Br^ IIIBr^. The number of Br in a series may be 
expressed either by stating it with a large Arabic numeral, €,g, 
IIIBr, 7, and IIBr,10; or by giving the number of the axillare, 
thus Illaxp and Ilax^^. The ossicles of the distal rami which do 
not branch again are called " finials " (F). 

The ambulacrals (Amb) ^ necessarily branch with the brachials, 
and the several series or orders may be designated as lAmb, 
IT Amb, etc. Their simplest form is that of a line of small 
plates, on either side the groove, capable of being raised or 
depressed ; and when closed, meeting in the median line by a 
zigzag suture due to their alternating arrangement. They vary 
in size, both absolutely, and relatively to the brachials. Each 
ambulacral may be divided by one or more tranverse sutures, 
parallel to the long axis of the arm ; this produces the appearance 
of short pinnules, for which these structures have been mistaken 
by more than one author. The transverse sutures may come, to 
lie at an angle, and the portions to alternate with one another. 
Thus arose the side-plates or adambulacrals, which are a persistent 
feature in many of the later crinoids (cf. Fig. IX. 2). There 
may also be developed minute but distinct ossicles beneath the 
outer covering-plates and alternating with them. The complicated 
structure thus developed in Cyathocrimts and Oissocrinus has been 
exquisitely worked out and illustrated by G. Liljevall (Bather, 
1893, pis. vii.-ix.). 

Brachia, rami, ramuli, and pinnulae, in which the ossicles lie in 
a single row, with more or less parallel joints, are termed '' uni- 
serial.'' Simple arms in Crinoidea are always uniserial. Pinnu« 
late arms undergo a modification. Since in such arms the joints 
slope alternately to right and left (p. 114), the brachials tend to 
assume a wedge-shape; in process of growth of either the in- 
dividual or the race, a complete wedge-shape is assumed, 60 that 
the joint-lines between the ossicles form a '^ zigzag." Lastlyi the 
brachials come to lie in two alternating rows, in which case tlieanii 
is termed " biserial." This development doubles the number of 
pinnules in a given length of arm, and thus aids the 

^ The teriDfl "smbnUcral " and " adambulftcral " miut not be held to 
homology with elements thos named in SteUeroidea and Echinoidea. 
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of food. The axial cords and ventral groove at first swing from 
side to side ; but this would be almost impossible in biserial arms, 
so here a common straight ventral groove is formed, and the axial 
cord lies at the bottom of it. The change from uniserial to 

biserial, just as the evolution 
of pinnules, begins in both 
ontogeny and phylogeny at 
the growing tip of the arm, 
and proceeds gradually proxi- 
malwards (Fig. XXII.). 

Still further develop- 
Fio. xxn. ment occurs in the Camer- 

Kvoiiiuoi, ^SriT bSlihiaS!'*** "**"*' ^^' The adjacent right and 

left ossicles of a biserial arm 
may fuse, so as to form a compound brachial, and this necessarily 
bears two pinnules, one on either side. Further than this, it appeai-a 
as though two or more compound brachials could fuse, and so form 
a triply compound ossicle bearing two or three pinnules on either 
side. At the same time, the pinnulars themselves may come to lie 
in zigzag or biserial fashion, in the same way as do the ossicles of 
so many cystid brachioles. It is this structure that influenced 
Jaekel in his distinction between "pinnulae" and "ramuli" (stfpra) ; 
but the facts are explicable as the final stage in a regular 
evolution (Fig. LXXIX.). 

Fusion of brachials either laterally, or in vertical series, or both, 
may occur in any crinoid race in which it proves advantageous. 
In some Gissocrini the IIBr, and possibly II I Br, of each arm were 
laterally united by suture ; in Crotalocnnus (Fig. XCII.) all brachials 
of an arm are suturally united by projections at the distal margin 
of each brachial ; in Fdalocrinus (Fig. XGI.) all brachials of an arm 
except IBr are fused into a single petaloid plate. Compare also 
Melocrinus (Fig. LXXIV.) and Eitdadocrinus (Fig. LXXI. 4). 

Brachials primitively, and pinnulars nearly always, are 
united by loose suture (compare Fig. XVIIL). The next stage is 
imperforate articulation. In the final stage, perforate articulation 
(Fig. XXIII. 1), there is a well-marked transverse fulcral ridge, 
pierced by the axial canal ; the ventral groove comes nearly up to 
the ridge at this point. On each side of the ventral groove, and 
often separated by a slight vertical, %,e, dorso-ventral, ridge run- 
ning down to the axial canal, are two depressions, /o5sa« / the ventral 
pair lodges muscle fibres ('* muscular fossae"); and the doisal 
pair, interarticular ligament (" ligamentar fossae "), Dorsad of 
the fulcrum is a deep *Morsal fossa," lodging elastic ligament. 
This type may be modified by the disappearance of the ventral 
muscles, the increase of the interarticular ligaments and their 
fossae, and of the vertical ridge separating them, which now 
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pusses (lorsiid of the axial canal, and the concentration of the 
(lorsiil ligament in a pit at the end of the vertical ridge (Fig. 
XXIII. 2). This is called "trifascial articulation." Further 
increase of the ligamentar fossae and of the vertical ridge, 
with the disappearance of the dorsal fossa, produces the 
" bifascial articulation," adapted only for lateral movement (Fig. 
XXIII. 3). These forms of articulation may be bilaterally 
symfnetrical, but in pinnuliferous brachials the fulcral ridge is 
skewed, so that on the disUil joint-surface the end of the ridge 
towards the pinnule is moved dorsalwards. 

The syzygy (J. Muller, 1841; P. H. Carpenter, 1884; 
Bather, 1896) is an immovable sutural union between two brachials 
of a pinnulate arm, accompanied with loss of the pinnule on the 




«"^- 



Fia. XXIII. 



Arm-jointK. 1, bmchtal of Tuorrinux nstrria^ aft<»r Joh. Miiller. 2, difltal flico of IBri of 
nnthycrinna AldrirhUtnus (cf. in Fi^- XVIII.), x 8 diam. 8, the nine in Igocriuu* BlakH, x 8^ 
(liaiii. 4, ftyzy^y of Jlhizncrintti Jiuvwmi—a, ppizyf^al Trom its under surface; b, taypozjrgal 
fh)in itrt upper Murface, x 7^ diam. A, syzygy of ImcHuhs Blakei—a^ upper surface of hypozygal ; 
/'. cpixypil ; and r, hyix>zygal in their relative ixMitions, seen fh>in side, x 8| diam. (S^ are 
ufUr P. H. Carpenter.) 

('<■, axiul oiTuil ; //2, dorsal ligament foivui ; U, intenrticular ligament fossa ; inf, mnaelit 
fusNti ; j/, fiicf^t fur pinnule ; vg, Vfntral groovi>. 

hyi)ozygal (compare Fig. XVIII.). Immobility may be effected 
ill various ways. The apposed faces may be smooth (some 
Pentacrinids), striated (Uiniacrinus, most Antedonidae), or dotted 
(some Acthwfinctrae) ; in llhizocrinns a peg projects from the dorsal 
region of the epizygal into a pit in the hypozygal (Fig. XXIII. 4), 
and in some Pentacrinids a dorso-ventral ridge on the epizygal 
fits into the hypozygal (Fig. XXIII. 5). The former type of 
syzygy facilitates fracture along the suture, and is specially 
developed in locomotive forms liable to entangle their arms. 
The latter type appears different in origin and function. 

We now return to the extension of the Dorsal Cup. This may 
be effected, as in Ichihyocrinus (Fig. CVIIL), by the direct lateral 
union of the proximal brachials. At the same time, the proximal 
ambulacrals enter the tegmen, so that the thecal cavity stretches out 
further between the actinal and abactinal elements. In many living 
crinoids the proximal brachials are united by a flexible integumenb 



Digitized by VjOOQIC 



[i8 



THE CRINOIDEA 



containing minute supplementary plates (Isocrlnm, Calamoerinus) ; 
thus the thecal cavity is enclosed by secondary as well as primary 
elements. Similar plated membrane may occur between the IIBr 




Pio. XXIV. 



, showing attachment d anal tube to 



iini 



CalamoerinHt diPwuUae. 1, posterior view of cup, 
pfnnales and proximal bnchials, x I ; 3, radial and proximal brachials seen from inside of 
cup, showing attachment of interbraciiials (much enUrgfHl) ; 3, a similar portion seen from tlie 
side, showing the iiiterbrachialn (unshaded) attached to the brachials and piunulara (iihadedX 
Enlarged. (All after Al. Agassis.) Ai, anus ; i;, basal ; Ilir, primibrachs ; Uir, interbnuOiials ;• 
jiii, pinnulars. 

or IIIBr of a single arm. The small plates may increase in size and 
firmly bind together the arms and rami (Fig. XXIVa); those 
between brachia are "interbrachials" (iBr); between IIBr, "inter- 

secundibrachs " (illBr), and so on. 
Similarly there are interambula- 
crals of various orders ; the ilAmb, 
merging at the sides of the theca 
into the iBr ; the ill Amb separated 
by the thecal cavity from illBr; 
the i I II Amb, and so on. The 
'^ interbrachials sometimes, though 
rarely, descend between the 
radials. Not merely brachials, 
but also pinnulars may be incor- 
porated in the cup, and between 
Fig. XXIVa. pinnules are developed *Mnterpin- 

SagenocHiitu expaiuM, to sliow incorpom- nulars'' (e.g. UilUocrinHSj Fig. CIIL); 

tion of arms into cup, by means of second- . . ^^.^^ k««^ 4.^ Ai^4.i^^^»\. a^^A 

ary pUtes (these latter are almded) ; for it IS Often nard tO dlStingUlSn llXed 

I<»ttering see adjoinjiig text. (From Brit. pinnularS 



il 



Mus. siMcimen 57147.) x |. 



from supplementary 
plates. Except in primitive forms 
{e.g. Reteocrinidae), the interbrachials have a similar arrangement 
in each interradius of an individual. Indeed, the arrangement often 
serves as a means of distinguishing species and genera. This 
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regularity is, however, often modified in the posterior interradius, 
which is widened by the insertion of "anal plates,'' so callecl 
because they afford room for the anus, and are continuous with 
the plates supporting the anal tube when that organ is present. 

The Anal Plates of the Camerata appear as a median line 
splitting the posterior interbrachials, and forming as it were a 
sixth ray to the cup. They are rarely developed in forms in 
which the anus is central or comparatively small; a slight 
enlargement of the posterior calycal elements then sufficed. They 
are, therefore, regarded as supplementary pieces developed as 
occasion arose in the position 
where they are found. The anal 
tube is an outgrowth of the pos- 
terior interambulacrum, and is, in g 
Reteocrinidae, Glt/ptoa-inus, and sim- 
ilar forms, supported by a dorsal * 
line of ridged plates continuous o 
with the anals (Fig. XXV.). The B 
ridge is connected with the ridges 
that unite the posterior basal to fio. xxv. 
the right and left posterior radials, cinHocHnwi decwiactyiv». 1, from poA- 

oM^ 4-li;a ;»/i:^«4-Aa 4-k»4- «., ««.:«l torior intermdiuB ; 2, another iiiter«MlluM. 
and this mdicates that an axial iiie ridg^i marking th« mys are clear! V 

cord passed up it to govern the ^;;-i^lSi,«i «^;;.. --» JjISir iVeJUT"" 
motions of the tube. In later 

Camerata, where the interradii and tegmen are less flexible, this 
differentiation disappears. 

The anals of the Inadunata and Flexibilia (Fig. XXVI.) have 
been much discussed (see summary in Bather, 1890 and 1899 ; and 
Wachsmuth & Springer, 1897). At least one of them, the 
radianal (KA), is admittedly a primary, abactinal, radial element, 
being in fact the modified lower half of the right posterior radial 
(r. post. Ri). By the introduction of other plates, and notably 
one special anal (x) into the posterior IR, the r. post. R5 is pushed 
to the right, so that RA comes into contact with x, and helps in 
the widening of the area and the support of the anal tube. The 
theory, originated by Wachsmuth and Springer, tliat the tube is a 
modified arm, has since been rejected by them. The less extreme 
view that the dorsal median line of ossicles supporting the tube 
represents the proximal left ramus of the right j^.^aterior ami, up 
which the interambulacral peristome around the ai.us gradually 
stretched, has the following facts among others in its favour : — 
The tube is admittedly in close connection with the right posterior 
ray (Fig. XXVII.) ; it is up this side that the rectum passes ; in 
loainuSy MeroainaSf and CastocriMis, and, to a less extent, in 
IleterocrinuSy Ectenocrimis, and Ohiocriaiis, the proximal plate of 
this median row rests on r. post. R ; in locrinus the articulation 
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between r. post. K and this proximal plate differs from that between 
r. post. R & IBrj only in size (Fig. XXVIII.); in locrinus the 
ventral groove of the median series coalesces in r. post. R with the 
ventral groove of right posterior arm; this, and other evidence 
from Heterocrinidae, shows that the median anal series was in- 
nervated from the axial cord of r. post. R. The only argument 



1. loerinuf mbcrcsfiig. 2. EkndrocrinM longUlactylus. 8. DfudrocHuns Catei, 



r 



4. Scapliiocrinvi eley<fns. 5. Cyuthocriniu UmgiMauin*, 0. Pnri$ocrin'Hs. 

anal area. 

Fig. XXVI. 

DiagremH of the anal area in varioun liuulmiate Crinoida. (From Uather, after Wacliitiuutli 
k Springer, Hull, and Angelin.) 

against the view, is the improbability of a change of function in 
the ramus ; still the view is not proven. 

A distinct question is whether the anal x, which frequently 
occurs in the posterior interradius of the cup, is a secondary 
element suddenly introduced, as are the anals of Camerata, or 
whether it is the proximal median plate of the tube (as in locrinus^ 
Heterocrinidae, etc.), that has gradually sunk down into the cup. 
Wachsmuth & Springer hold the former view, believing that 
X is homologous with the strictly interradial anal of Camerata, 
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and that the proximal median plate of locrintis and Heterocrinidae 
(which they call t) is represented in genera with a special anal x 
by a tube*plate (rt) on the left shoulder of r. post. R (Fig. XXVI. 
2-6) ; they assert that " in the earlier and simpler forms, the tube 
consists of only five [vertical] series, one to each interradius, that 
of the anal side resting upon t. Later on, as the tube grew larger, 
a new row of plates was introduced with plate x supporting it. 
When there are three series [at the posterior side], as in Dendro- 
crinuSf the third generally rests upon one side of the left posterior 
radial. The arrangement of the plates within the rows is so 
regular, that if a sinking of the plate / had taken place, it would 
certainly be indicated by some disturbance among the lower plates 
in the tube." In this sentence the proximal median plate t (our x) 




Kio. XXVI I. 

Anal area of Jlctero- 
rrinus isodactylusj 
Mhowiiig close connec- 
tion uf anal (x) with 
ri^ht posterior supor- 
nuiial (r.p.Jt). En- 
lar^wL (From Bather.) 




Fio. XXVII 



locrinn^, showing connection of anals and brachials. 1, 
I«rt of the r. iwsU^rior i-ay seen from inside the cup ; 2, 
upiM^r articular surface of Jli ; the groove on the left goes to 
T, that on the right to brachials ; 3, left upper articular 
surface of lis, BU])ix)rting x ; 4, right upper articular sur- 
face of lisj supporting /flrj. Enhirged. (From JBather.) 



of Ileterocrinus is identified with rt of Bendrocrinus ; but no proof 
has yet been given that the added series may not be those starting 
from rt and W, rather than from x and //. On the other hand, the 
view that the series x is homologous with the series /, is supported 
by the general size and appearance of the two, and by the inferred 
relations of the axial cords. And the homology of x with t is 
supported by the facts that the position of / with reference to r. 
post. R5, does vary from a higher to a lower level in early genera, 
while the position of a; to the adjacent radials likewise varies. 
In late Carboniferous genera of Dicyclic Inadunata, x certainly 
iipi>ears to pass up out of the cup (Fig. XXIX.), and this inter- 
pretation is confirmed by the migration of the anal in the develop- 
ment of Aniedmi^ w^hich anal is universally homologised with x 
(Fig. XXX.) ; but if a plate can pass up, it can also pass down, as 
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is further proved by the phylogeny of the Calceocrinidae. The 
fact that X is wholly or partly in the cup, and t partly or wholly 
outside, does not make them different morphological elements ; for 
there is now admitted to be no difference between interambulacrals 
and interbrachials, or between fixed and free brachials. Con- 
sequently in this work the symW x will always be applied to the 




Fio. XXIX. 



Upwari iMMajce of atuil (x) in Ulocriwig. 1. anal anna of " IHoerinvt" UkAri: 2, posterior 
view of U. ButM : 8 and 4, U. KanBouiuU, too cup twin posterior and fh>m above, x %. 
(i<Yoin Bather, after MlUer ft Gurley.) 

proximal plate of the median line of the anal tube, whatever its 
position. 

Modification of the cup is not confined to the fixed brachials 
and interbrachials, but also affects the patina. We have discussed 
the disappearance of IBB. We have also to note a tendency to 
fusion in the plates of the proximal circlet, whether IBB or BB, 
and their change of shape due to the introduction of anals into the 




Fio. XXX. 

Migration of tlie anal in Antedon. (Aftr W. B. Carpfinter and M. Bars.) Originatlnff 
betweon /IR, the plate x gmdually movM npwards, eventually atrophying till only two sniall 
frntonents remain at the baite of the anal tube (ty. The dotted lines in 1 show the ooorae Of the 
gut. These figures also show change in shape of RR, and atrophy of orals (0). 

patina. The first stage is the fusion of one pair, producing 1 
large and 3 small plates (Fig. XXXI. 2). This is almost entirely 
restricted to monocyclic genera, where the plates that fuse are the 
right and left anterior beisals. Next comes the fusion of two pair, 
producing 1 small and 2 large plates (Fig. XXXI. 3). This occurs 
in both Mono- and Di-cyclica. In the former the small plate is 
the left anterior basal, or rarely left posterior basal ; whereas 
in Eublastoidea it is the right anterior basal (Fig. XXXI. 4). 
In Dicyclica three infrabasals have been observed only among 
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InadunaU and Flexibilia; in the former group the small plate 
is often, but not always, the anterior infrabasal (Fig. XXXI. 7) ; 
in the latter it is {apnd W. and Sp.) always the right posterior 
infrabasal (Fig. XXXI. 8). A bipartite base is formed only in a 
few Monocyclica ; the two plates lie on the right and left sides of 
the cup (Fig. XXXI. 9). Finally, all plates of the proximal circlet 
may fuse into a solid ring, both in Mono- and Di-cyclica. The 
infrabasals may fuse with the proximal columnal in Flexibilia, 
thus forming a peeudomonocyclic type. The basals may be over> 
grown by, and incorporated with, the radials, as in Eiiffcniacrvins, 
The symmetry of the base is modified by the presence of anals. 
An anal resting on the basal circlet causes one of the basals to 
double in width, so that the base becomes hexagonal instead of 
pentagonal. Thus the quadripartite base comes to consist of a 



Fio. XXXI. 



I and their modiflcations. l-<5 
and 9, uiODOcydie ; 7 and 8, dicyclic ; 
1-4, pentagonal, unaflTected by anal ; 
5, A, 9, hexaffonal, affectMl by anal. 
In all the anal side is uppennont, and 
the plates are nuraberad on JnekH'H 
plan (see table, p. 110) ; the iniagin> 
ary additional piece is marked +. 
1, 6 Bil ; a, 4 nn : 8. 8 his, CHnoid 
type; 4, 8/^/^ Blastoid type; 5, 
4m; 0, 8 BJi ; 7, 8 IBB, as usual In 
Dieydioa inadumta; 8, S UIB, as 
nsual in FleiihUia impinnata; 9, 
2 BB. (Adapted fironi wachsmuth ii 
SpiinRer.) 



posterior and anterior large plate, and two small lateral plates (Fig. 
XXXI. 5). These tend to approximate in size. In XeiuKiinus 
(Fig. LXXVIII.), interbrachials as well as anals come down between 
the radials, so that the basals are nearly equal in size, but irregular 
in shape, and make the base decagonal. Removal of anals and 
interbrachials from the radial circlet leaves a pentagonal quadri- 
partite base, such as is found in Melocrinidae (p. 161). An anal 
resting on a tripartite base, is accompanied by increased width in 
the small left anterior basal (Fig. XXXI. 6). But in the bipartite 
base the small basal fuses with the combined posterior and left 
posterior basals, while the combined right-hand basals increase in 
width (Fig. XXXI. 9). In most Dicyclica the infrabasals do not 
assume a hexagonal outline; for the anals do not occur in the 
basal circlet, but x truncates the upper surface of the posterior 
basal. Exceptions are Siigenocrinus, Carabocrintis (Fig. LXXXIV.), 
Strophocrinus, and Thenarocrinus (Fig. XCVL). 
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The enlargement of anal structures was not the only factor in 
the modification of the typical pentamerism. Allusion need not 
be made to the (apparently sudden) dropping of a radius to 
form Teiracrinus (p. 153), or the duplication of the radii to form 
Promadwcrinus ^p. 195), and similar cases. Nor need more be 
said as to the enlargement of certain radii (e.g. Fisocrinus), the 
bisection of others (e.g. Heterocrinus), and so forth, since in these 
cases the outwardly symmetrical appearance of the cup usually 
remained unaltered. But certain factors, probably of physical 
environment, such as currents and direction of food-supply, or 
possibly connected with locomotion, have at different times pro- 
duced similar results in different families. A bending over of the 
cup, accompanied by diminution of certain radials, was common 
in £ugeniacrinidae, as well shown by Jaekel (1891). In the 
remarkable Galceocrinidae the crown was bent towards the right 
posterior interradius, and far-reaching changes brought about in 
both cup and arms (p. 148). Even in an unattached species, 
apparently of Agassizocrinus, similar growth of one side took place 

at the expense of the other. These 
cases are comparable to the irregu- 
lar Eublastoids. 

Concomitant with modifications 
in the dorsal cup were modifica- 
I tions in the—Tegmen. Just as 
brachials entered the cup, so their 
covering-plates (Amb) entered the 
tegmen, prolonging the food- 
grooves over its surface. And cor- 
responding to interbrachials in the 
cup, there arose interambulacrals 
(iAmb) in the tegmen (Fig. 
XXXII.). 
Fic. XXXII. Other changes that took place 

Tci^iien of Afarsiiwriii lis rinUatiis,iihov,-' are difficult to describc without 

ine incorporation of ^/h'j, aiiibiilacnils, with ^„« ;„^ .1 ^ ^.,o.«4.:rv« ^t *U^ .^^.w^^ 

iAmb, iiTteniiiibuiacniiH, iHtuvei, tiu-m ; rajsiHg the questiou of the lomo- 

a,i .narks aiml iuterm»im«. with ilMlar^yr \Q^y ^f ^he platCS COVering the 
iiiteranibulacraN. (AHit Lil.|«'vaU in ^"^ , -r j 1 /» • 

WachMiiiuth & Springer, isn:.) x jj. mouth. In Aiitedon five mter- 

radial plates (O) are developed 
before the radials and at the same time as the basals, upon which 
they rest (Fig. XXXIII. 1). Between these two circlets appear 
the radials, upon the shoulders of which the five adoral interradials 
then rest (Fig. XXXIII. 2), forming a pyramid closed over the 
oral centre, but soon opening at the apex to expose the entrance 
to the mouth (tentacular vestibule). The fM)8terior of these plates 
surrounds the hydropore. At a more advanced stage they become 
separated from the radials by ambulacrals and interambulacrals 
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(Fig. XXXllI. 5), and finally, in most species of ArUedan, are 
resorbed (cf. Fig. XXX. 4). These plates are called oralia (O). 
Their prominence in early stages shows them to be primary 
elements of the theca, probably well developed in the adult of 





Fia. XXXIII. 

Development of oralu iii Antedon. 1 (after Bury), IB ntill vittible, no RR yet formed. 2 
(after AUman), cloned ; betwef>n them and Bit are the developing RR, 8 (after Allman), open, 
exiKMing oral tentoclefi ; no amia yet exist. 4 (after W. B. Carpenter), O now iieparated fVom 
BB by RR^ which itupport arniM. 5 (after W. B. L'arpenter), arm8 cut ofl above tint brachial mo 
as to show 0, which now ituiTound the mouth ; the shaded portion represents intei;uuient, in 
which ambulacrals and interembulacrals are (levelop«Hi. 

Note also gradual decrease in size of BB. A further stage in oral history is seen in Fig. 
XXX. 4, which is trom anotlier species. 

primitive forms. Five triangular plates that cover the mouth in 
the recent Holopus, Hyocrinus, Bhizocrinus, and Thaumatoaimis, 
are by all writers homologised with orals (Fig. XXXIV.). In 
all Antedonidae, Baihycrinus, and Calamocrinus, they are almost 



iA 



Fio. XXXIV. 

Tegmen of Holopns. The arms 
are removed from the side nearest 
the obfterver, showing the articu- 
lar surfaces of /(, the radials, 
which are flised togetlier. Amh, 
ambulacrals, which pass down the 
bnchials to the tegmen and a little 
way up between tlie orals ; iAmb^ 
interambuhicrals, partly separat- 
ing brachials trom orals : 0, five 
perforate orals ; Rp, processes of 
fused RR. (After P. H. Garpenter, 
1888.) X |. 



Fio. XXXV. 

Tegmen of Haplo- 
crinuM mf.<pili/ormis. 
Br, tint brachial; 0, 
oral ; p, pore in post. 
O; 71, nulittl. (After 
Wachsmuth ft sprin- 
ger, 188S.) X e. 



Fio. XXXVI. 

Tegmen of llyhocriunsconi- 
eu8. Small irregular ambula- 
crals overlie tlie ap|Nis(Hl e<Jge.s 
of 0, the orals, which ore 
shaded. Post. has a hydro- 
pore, and is therefore a madre- 
porite, M. As, anus, lies Ijo- 
tween this and x, the anul 
plate of the cup. R, radials, 
with arm -facets shaded, and 
nerve cliannel black. (Base<l 
partly on MS. drawings by W. 
U. Billings. Natural size.) 



or entirely resorbed in the adult. The ambulacra pass to the 
mouth between or below the orals. 

In Hyhocrinus, Haplpcrinus, Carabocrinus, and other primitive 
genera are five interradial plates precisely resembling the orals of 
the larval ArUedan in shape and position (Figs. XXXV., XXXVI.). 
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The generally accepted view that these are orals is confirmed by 
the frequent presence of a pore or pores in the posterior one, as in 
larval Antedon and adult Hyocrinus, and by the situation of the 
anus between this plate and the adjacent RR ; in Haplocrinus the 
pore and the anus appear to be combined near the oral end of this 
plate. These plates have in preceding pages been spoken of as del- 
toids (A). They meet close around the mouth like the A of many 
Blastoids, and in Hybocrinus and Carabocrinus they show traces of 
hydrospires of Codasier type. On the other hand, they are 
homologised, and justly so, with five similar plates that occur in 
CoccocrimiSy SffmbatJioainnSf Pisocrinus^ Allagecrinus, Myrtillocrinus^ 

some Flaiycrinif and the specimen of 

Taxocrinus intei'medius (Fig. XXXVII.) 

described by Wachsmuth & Springer 

(Nov. 1888). In most of these 

genera the orals (or A) cover the 

mouth, and the food -grooves pass in 

under them ; but in Taxocrinus the 

mouth is open, and the grooves with 

ambulacrals pass between the orals; 

while in Hybocrinua and Carabocrinus 

* the ambulacrals rest on the edges of 

Fio. xxxvii. the apposed orals, showing that the 

Tegmcn of TnxocrinMs intermtiiiM*. finrooves wcro actually above thoso 

A, anal ridge ; y>r, eilgeH of brachialM ; ^i ^ *^ 

iAvtb, illAvib, UIIArnb, iuteraiubiila- plateS. 

S"\h^' S;TJI?tC'i.t\'^^^^^^^ From this primitive Palaeozoic type, 
b^riireT^'iX) <^"*'" ^•"^^•"*"**» * three lines of evolution start: (1) 

Ambulacra pass over the edges of the 
orals, while ambulacrals and sometimes interambulacrals gradually 
cover the orals, which seem thus to sink below the surface and to 
diminish in size ; the posterior oral, however, usually remains large 
and is pierced by hydropores, while the increased size of the anal tube 
pushes it more towards the oral centre {e,g, Euspirocrinus^ Cyaiho- 
crinus, CupressocrinuSy Figs. XXXVIII., XXXIX.). (2) Ambulacra 
and ambulacrals pass between the orals, leaving an open mouth, 
while the orals gradually atrophy (e,g. Taxocrinus^ Fig. XXXVII., 
probably other Palaeozoic Flexibilia, and certainly many of their 
Neozoic descendants). (3) Ambulacra pass beneath the orals, 
and gradually also beneath other tegminal plates, which are 
developed jpan passu with the incorporation of brachials in the 
cup, and which thus separate the orals from the periphery 
of the tegmen {e,g. Adunata and Camerata, Fig. XL. ; cf. Caryo- 
crinidae, p. 66). 

At the same time, in types (1) and (3) a modification of the 
ambulacrals takes place. The proximal ambulacrals covering the 
mouth in (1) become large, and assume a pentagonal arrangement 
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simulating that of primitive orals (e,g, Gissoainus, Fig. XLL, Croido- 
crinuSf Fig. XCII. ; cf . Eublastoidea). Other ambulacrals, especially 



Fio. XXXVIII. 

Tegmen of KnipirocrinvB Bpiralia^ showing four cordi- 
form deltoidn or oralH, antl a iiiudrftporito, witli ainbu- 
Ucrala overlyiiu; tlieir appoMd eU^**^. In tlie poH* 
terlor intarnuliun \n thA baMe of the broken off aiiai 
tube. (From Bather, 1803.) x 8. 



Fio. XXXIX. 
Tfj;nien of Cftathorrinus. 1, C. 
jitanm with aiubulacrals aiid int^r- 
ainbulacraU removed, exposiiij; 
apF"" ■» «dp«« of oralH (A) and 
nuiditiporite {AI). 2, C. mammillaris 
with anibulacmln (rj>) and interam- 
bulacralK((a)ahnOMt entirely cover- 
Ing oruls (A) and iNTiNtonie. (From 
Bather, 1S1)2.) x 2. 



axillary Amb, increase in size, and form prominent bosses on the 
tegmen, called "radial dome-plates" (Fig. XLIL); the effect of 
this is enhanced by the sinking of the other ambulacrals {e,g. 




Fio. XL. 

CylicoirinMM nodofiM, to exemplify the oiinplest 
tjpe of Camerata tegmeiu 1, fh>iu 1. itottt. radina ; 
9, ttam above. As, aniw ; U^ baaals ; br, opening 
for food -groove and underlying canals; ih, faille 
interbrachiala (auborala, Jaekel). OUier lettem aa 
* (AlLcr Joh. MUller, 18M.) X 2. 



Fio. XLI. 

Tepm«n of Oisaoerinus arthrititvB, 
allowing anibnlacraln (Amb) paaaing 
dovm ann8 and over apposed oralH 
(0),and becoming onlarxod over peri* 
Mtome. Poat O remainu as a folded 
madreporite; (, anal tube. Other 
letters aa usual. (From BriL Muji. 
46457.) X 8. 



Aetinocrinidae). These two facts suggest that the proximal dome- 
plates of Camerata, regarded as orals by Wachsmuth & Springer, 
and to quoted under head (3), may after all be ipo-^'.fiod ambulacrals. 
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The most conflicting views have been held from time to time 

by the same and by different writers as to the homologies of these 

plates. That here put forward agrees in the main with Neumayr's 

(1889), but is based on facts not accessible to him. Wachsmuth 

& Springer (1897) deny the homology of the 

deltoids in fiublastoidea, Hijbocrinus, and Cya- 

thocrinidae, with the orals in Haplocrinus and 

^ Anledon ; the plates here regarded as enlarged 

ambulacrals {e.q, in Eublastoidea, Gyatho- 

crinidae, Fig. XLIIL, Crotalocrinus) are taken 

/ by them to be orals, and they imagine that 

they undergo resorption, fission, and other 

changes, stating that they are relatively larger 

in young specimens. As to the origin and 

homologies of the large interradial plates in 

Inadunata (here called A or O), those authors 

are undecided. 

The gradual sinking of the ambulacra and their covering-plates 
below not only the orals but other tegminal plates, has given rise 
in the typical Camerata to structures so differentiated that they 
were long misunderstood, and their chief elucidator, Wachsmuth, 
believed in 1877 that the tegmen of Palaeozoic crinoids was "a 
solid vault or dome," which could not " in the remotest degree be 
homolof^ised with the soft 



Fjo. xlii. 

Tegmen of Mefiistocrinux 
nodoMUf, Hhowiiig radial 
•loiiiH - platen, d. (Aft*»r 
WnchHiiiiith ft Springer, 
1897.) X i. 



peristome of " recent crinoids. 

" It forms," he said, " a part 

of the abactinal system " ; "a 

continuation of the radial and 

interradial series of the dorsal 

side, and serves merely as a 

covering and protection for 

the organs underneath." 

From this it was generally 

inferred that an originally 

flexible tegmen (" disc " it was 

called,- as in recent crinoids) 

had been overgrown by "a 

free arch which braces the 

entire oral side of the body 

without the aid of oral plates" (W. & Sp. 1881). The disc 

remained as an ''inner test," in which were ambulacra and 

possibly orals. Because of this structure, supposed to obtain to a 

greater or less extent in all Palaeozoic crinoids, but not in their 

successors, the Grinoidea were divided into Palaeocrinoidea and 

Stomatocrinoidea, the latter term being altered by P. H. Carpenter 

to Neocrinoidea. 



Fio. XLII I. 

Tejjnien of Cyat?iocrinus ramosn*. The Uff^ 
t^jErminal plates am not honiologouK with the del- 
toids, but the squarish central one niay be the 
niotlreporite. (From Batlier, 1803.) x 3. 
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Am fresh facts kept coming to light there was a good deal of 
shifting of ground and mutual criticism on the part of Wachsmuth 
& Springer and Carpenter. The supposed difference, and con- 
sequently the classification, were rejected by Neumayr (1889) and 
Bather (1889-90). Independently and synchronously Wachsmuth 
& Springer (1889) concluded, chiefly on the evidence of Taxocrinus 
iniermedius (p. 126), that " in some Palaeozoic crinoids'the mouth is 
exposed, and there is no vault aside of the orals " ; also that '* all 
attempts to subdivide the Crinoidea by separating the Palaeozoic 
from the Mesozoic ^nd later forms as natural divisions will have 
to be abandoned." But it was not till 1891 that they published 
their recantation of the view that " the Camerata had a vault and 
a subtegminal disk." 

The explanation of the Camerate tegmen given by Wachsmuth 
& Springer in 1891 was readily accepted and now prevails. It 
may be condensed as follows : — The plates of the tegmen were at 
first small and yielding, as in the Ichthyocrinidae and in most 
recent crinoids ; in this state when the arms are open the ventral 
surface is depressed, when they are closed it bulges upwards. To 
afford better protection to the viscera the tegminal plates became 
more solid ; the tegmen being thus less flexible was fixed perforce 
in its protruded state. The covering-plates of the ambulaicra had 
perhaps been closed from the begin- 
ning, but as, through the upswelling of ^ 
the tegmen, the grooves were now more 
exposed, further protection was needed. 
Consequently they were lowered be- 
neath the surface and, starting from 
the solid orals, interambulacral plates 
closed in over them. Certain of the 
covering-plates, however, especially, 
it would appear, the axillary pieces, 
which perhaps could not so easily be 
covered by other plates, became much 

stouter, and were still exposed on the 2 8^ 

surface as solid radial dome-plates. In ^^o- ^liv. 

any form highly developed along these reiSSSSrTt4:::ti^ 
lines, e.g. Cadocnnus (Fig XLIV ) the ;j;e'JSS-3»JJi<Sr>i*^^^^ 

food-grooves, water-vessels, and blood- one side of tegmeo broken away, 

vessels are sunk right beneath the ^^'^^^^'^.^^(•^Jn^'^SS; 
tegmen, and are enclosed in a tube ir(SJ"n!S'(X'rp"'M«k;'i^5: 
consisting of alternating ambulacrals xf- 2. one of the food-canai*. firom 
above and adambulacrals or side-plates S, the'convoiutod^^aii, ^1^ beiow!^ 
below. The interambulacral plates of 

the tegmen send curious extensions into the interior of the calyx, and 
these extensions, spreading out, form what used to be regarded as 
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a disc. We may, with Wachsmuth & Springer, regard the exten- 
sions as caused by the perforation of the plates for water-canals ; 
or we may regard them as simple processes for the purpose of 
adding strength, without forgoing lightness, by a system of girders. 
The supposition just quoted, as to the existence in Camerata 
of a complicated water- vascular system, is supported by the 

connection of the internal passages 
with small pores near the arm-bases 
(Fig. XLY.). Such have been ob- 
served by Wachsmuth & Springer 
in Actinocrinidae, Batocrinidae, 
Rhodocrinidae, and Melocrinidae; 
they are placed in the cup-wall at 
_ the level of the tegmen, between the 
lyaiii, an iiiterradiiiii, Bhoiiring Kiit-iikA armsTOd tnciT rami, and tbcir cauals 
^ThiSitrniJri^;*™^^^^^^ «« separated from the subtegminal 

2, Batocri»«», Hhowiiig jwreii (j.) Jftween arm-groovcs by a thin partition. 

intentmbulacralfi and fixed HOCuiHlibrachu _ JP ^ , «* . . *^, 

(fh>in Brit MuR. HiMciiiieu TOAusi x fl. In jBiUoermMSf ^ratoermuif Stegano- 

I., .i«u«ageof.nu.uuial.lntothe«aIcvIty. ^^^ Eudodoorn^ and OthorS ill 

which the arms branch off alternately, there is a pore to each ramus 
that springs directly from the dorsal cup. Dolaiocrmus may have 
four to six in each interradius, and two to four between each IIBr 
series. Other genera have only ten pores. In OUberisoeriwu these 
are at the end of long tubular extensions of the interradial areas 
(Fig. CXXYIL). The facts are so plain, that the introduction of 
water into the thecal cavity for aeration of the viscera seems prob- 
able ; but the connection of these passages with the hydrocoel or 
with branches thereof is a different question. The pores may pos- 
sibly have replaced the hydropore or the madreporite of certain 
Inadunata. In many recent crinoids pores pierce not only the O. 
but the iAmb, often in great numbers, being least numerous in 
the posterior IR. AnUdon bifida (Fig. XLVI.) is said to have 1500. 
They may also occur on the edge of the theca between the arms. 
In Adinomdra they are chiefly developed near the ventral grooves, 
and even on the pinnules. These pores communicate with the 
coelom or its extensions (Fig. XLYII.), and so indirectly with the 
water-ring. Where there are few pores {e.g, ShizoormuSf Fig. X.), 
a process (stone-canal) stretches out towards each from the ring ; 
but, when numerous, there is no correspondence between stone- 
canals and pores. 

The statement has repeatedly been made (by Trautschold, 
Lov^n, Wachsmuth & Springer) that pores occur on the suture- 
lines between the plates composing the anal tube of many 
Inadunata. In the cases to which the last-named authors now 
restrict the statement, the tube-plates have strong axial folds, being 
no doubt connected along these by thicker ligament, innervated from 
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the axial cords (Fig. XLYIII.). The depressions between these folds 
are often deep, and it is in them that the pores are said to lie. It 
is supposed that such genera have no madreporite, and that the 
pores aerated the rectum or a blind extension thereof, for the 



Fio. XJAI. 

V«Btiml •nrflwe of AtatAwk M/lr/n, 
diagzamnuitlMd fh>m varioun anthori- 
ties. X 4 dfaun. A», aniu ; 0, moutli : 
p, pinnalM ; «, Murcnli ; nr.}), wat<*r- 
poret. 



^Fio. XLVII. 

Vertical aectiou throtigh tM^n«ii ami under* 
lyinK atructureff of A ntedon biJUln. HhowM four 
uorw, with ciliated fUniiela (</>, pierciiiu the 
integument (te^rX i^nd coiuinunicatiiiff by a 
water-vessel (trr) with lacunar vemielii (/) in the 
connective timun of the mesentery (wti Tlie 
ftinnels are cut through in different dirnctionM. 
/, fibrous layer of integument; e, coelouiic 
cavitieM ; p, gut- wall, showing outer HbroiiM 
layer, epithellnni, and inner cuticle. (After 
Vogt & Jung, 18S0.) Greatly magniHed. 



anus often opens low down on the anterior face of the tube. The 
statement has been definitely disproved for many forms hitherto 
said to have such pores. But Wachsmuth & Springer (1897, 
pi. vii., figs. 2b, 5, 6, 9) support it by figures which, if correct and 



1 



Fio. XLVIII. 
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Stnieture of the anal tube in an Inodunate Crinoid, Mastigocrlnui lorrus. 1, plates in 
normal poaitloii, from left edge of diHtal thinl of tube ; /, transverse folds connecting the main 
axial ridges, r. S, plates fh>ni the proximal third, disturbed and exposing the articuUr facets 
ioH) of the axial ridge. (After Bather, 1802.) x 10 dUni. 

correctly interpreted, prove it for some species up to the hilt — 
and much further. For they show pores not only on the sutures, 
but penetrating the plates ; not only in the interaxial depressions, 
but on the axial folds ; not only in the tube, but in the dorsal 
cup. 

The last organ of which the modifications need be considered 
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is the Stem. The simplest form of columnal (after the fusion of 
the pentameres) is circular, but with a tendency to pentagonal 
outline. The joint-surface is radiately striated. The lumen may 
be large and circular (Fig. XLIX. 1), or small, and circular or 
five-rayed (Fig. XLIX. 2 and 3). The assumption of a pentagonal 
outline is often accompanied by a restriction of the striation to 
] 1 g the margin and the concentration 

of the longitudinal ligament-fibres 
in five bands (Figs. XLIX. 4 and 
CXI. 7-10). The joint-surfaces 
may become elliptical, with a 
f ulcral ridge in the long diameter 
and ligamentar fossae on either 
side ; in this case the long diameter 
of one end is set at an angle to 
that of the other end, and the stem 
thus gets a corkscrew twist (t.g, 
PkUycrimis, Fig. XLIX. 5), and so 
can bend in any direction. In a 

Russian Carboniferous Platycrinoid 

^^Ww ^^«<-^T-->^ jM ^^^ columnals are square in section, 

^K^*m ^&SikS!^ rA ^^^ ^^^ ridges form diagonals at 

Hv v»^ _ ^ \m right angles to one anoUier. In 

Bourgueticrinidae, Batkycnnus, and 
Bhigoerinus this form of joint is 




5 

Fio. XLIX. 
TyiMv of coIumnalM. 1, Periechocrinui 



i.fiV^. l'S^^rrA^i:oit:^ strongly marked, and the columnals 
Mus. 5(»78, X 2 5; 5, FUttiferinns, Brit, shaped (Fig. XLIX. 7) : the length 

Mu8. 400 ; 0, Platifcrinvs, Hhowiiig twfat *^ ^ . ® ^ i- 

of MUtiii, Brit Mum. 7»kw, x ); 7, Rhixo- appears in some cases to be pro- 

criiMi«, Trom distal region of Ktem, x 8 ; J„fl|wl U^ fnaiAn t\i twn ttf a nvvvair 
8, Ante>Um $ani, larva, articulnr Hiirftee of auOOa OJ lUSlOU 01 IWO aL a Syzygy. 

o&eorthecoiumnaijiieenfroiiithesidein The Stem of the larval AiUtdon 

(after M. 8aniX Much enlargtHl. .__. «▼▼-«• ^ ^v » • i # ■ 

(Fig. XLIX. 8, 9) has ossicles of the 
Bourgueiicriniis type and is very flexible. In two genera of 
distinct origin — HerpetocrintLs allied to Hderocrinus, and Campto- 
cfi/MU allied to Dichocrinus — the stem is rolled up round the crown 
as shown in Fig. LIX. ; the cirri are, over the greater part of the 
stem, confined to two rows along the sides of the ossicles and 
directed towards the axis of the coil. In Herpetocnnus the ossicles 
become hollowed towards the inside of the coil, and there is a 
fulcral ridge parallel to this side ; strong (muscular f ) ligaments 
were developed towards the outer margin. The stem could 
uncoil and the crown be projected. The structure of the 
columnals in Camptocrinus has not been described, but is said to 
be similar. Wachsmuth & Springer say that such stems are 
also found among allies of PderiocHntu. 

The axial canal, which in recent crinoids serves to transmit tne 
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vascular and nervous prolongations of the chambered organ and 
axial organ to columnals and cirrals, may in some earlier forms 
have served other purposes. The lumen is sometimes extra- 
ordinarily wide (40 mm. in the root of BarycrinWy Fig. XVI. 3). 
Pores sometimes appear to exist between or through the colum- 
nals {e.g. BaryerinuSy Cratalocrinus^ Fig. L., Traumaiocrinus), The 
distal ends of the cirri sometimes appear to have been open, so 
that the large axial canal communicated with the sea -water 
(€,g, BarycrinuSy Eucalypiocrinus, Cystocrinus, Fig. L. 2). The flat 
under surface of encrusting roots is often ridged, as though 
grooves put the axial canal in connection with the exterior (e.g. 
lAehenocriwus, in which the upper surface is formed of poly- 
gonal plates, supported beneath by numerous radiating lamellae). 
These bases of attachment are, say Miller & Gurley, "as full of 

Fig. L. 

The development of "pores" flroiii 
cirri. 1, CrokuoerinuBt portion of root, 
witib bruiching cirri below, and attach* 
menta of eirn in upper port. Tbene 
latter show the axial canal that passes 
fkom the main axial canal of the stem, 
through the thicknenA of the columnals. 
to each cirms, and contiuaes to the enti 
ofthecimui. Nat. size. 2, Cystncrintfg 
tennesseemUf part of Hteni, Khowing 
stumpy aborted cirri, Avitl. axial canaiN 
opening at their endH. Nat size. 3, 
CrotalocriniiSf part of stem, showing; 
crenulate sutureH between columnalK, , 
and on the columnals the atrophied 
attachments of cirri ;• compare with thn 
extreme upper part of flg. 1. X 6 diani. 
4, CrotoZncri Ai«, part of stem, showing 
total disappearance of cirrus-attachment, 
and only tiie axial canals remaining as 
** pores piercing the columnals. x 5 
diam. (From Bather, 1808.) 1 

pores as sponges." On the theory here adopted as to the origin 
of the stem, a greater exten. n of the viscera into it in early 
forms is probable; the chambered organ itself may have been 
placed some way down it (compare evolution of siphuncle from 
visceral cone in Cephalopoda). Assuming that the soft structures 
contained in the stem-lumen needed aeration, Wachsmuth & 
Springer have supposed that streams of sea -water entered 
by these pores. This suggestion seems no more happy than 
Ifiller & Gurley's idea that "the mucous or fluid substance, 
that contained the material for the base, passed through the 
columnar canal into the pores of the base and was deposited in 
a softer state than it afterward assumed.'* We may, however, 
suppose that these passages served the double purpose of trans- 
mitting nutrient fluid to the mesoderm cells depositing the outer 
layers of stereom as the stem and root grew wider by concentric 
accretion, and of aerating the same fluid by bringing it near the 
oxygenated sea-water. 




Jlil5Sifc 
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In some genera, and eBpecially, as Jaekel has suggested, in 
those exposed to rough water or currents, the stem shortened con- 
siderably while its attachment was preserved (t,g, Eugeniacrinidae, 
Fig. CXX., Qyk'prtssoGriwaii), Cotylederma, EudesicrinuSj and Cyaihidiwn 
are fossil genera, Holopus (Fig. CXXL), a recent genus, in all which 
the stem is reduced to a mere mass of stereom cementing the cup 
to some solid object. 

Although the Crinoidea are the Echinoderms in which the 
Pelmatozoan habit has had most effect on the anatomy, yet they 
present a constant tendency to relinquish the attached mode of 
life and to lose that typical organ, the stem. So early as the 
Ordovician, stems are found that during the life of the animal 
were separated from the root, and became attached to other 
objects, either by the remaining cirri, or 
by winding around them. Often the 
distal end of the stem formed a coiled 
support like a serpent's tail {e,g, Acaniho- 
cnniM rex, Jaekel, 1895). In some Silu- 
rian genera (e.g. Calceocrinus^ MadigO' 
crinus) stems have been described that 
were rounded off at the distal end during 
life. In Herpeiocrinus the stem was rarely 
if ever attached by anything except its 
cirri; while in the species described by 
Hall as Brachiocrinus nodosarius^ the stem 
ends distally in a bulb. In the Devonian 
MyrtUloainus the stem ended in a four- 
fluked grapnel ( = Ancyrocrinus, Fig. LI.). 
Similar detachment took place in many 
Carboniferous and Mesozoic crinoids ; the 
recent Isocrinus ( = Pentacnnus) is known 
to change its place, probably by swimming 
with its arms, and the lower surface of 
the distal columnal is ''smoothed and 
rounded" (Wyville Thomson, 1873). 

Addiction to this habit led to the 
gradual shortening of the stem; in 
MUUricrinus Pratti all stages have been described by P. H. 
Carpenter (1882), from a stem of seventy columnals over 50 
mm. long, down to a single ossicle, the proximale (Fig. LIL). 
Continuance of this process led to the evolution, along many 
different lines, of crinoids that are generally described as un- 
stalked, and for which older writers were wont to erect an order, 
Astylida. These fall into three groups : First, those in which a 
portion of the stem remains, becoming compressed and fused, with or 
without the infrabasals, into a cirrus-bearing compound ossicle, to 



Fio. Ll. 

Grapnel of MffrtUlocHniu (after 
HallX 
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which the temi " centro-doraal " was originally applied, and to which 
it must be restricted {t,g, AnUdan^ Eudiocrinus^ I^aumaiocrinus ; see 
Figs. CXVII.-CXIX.). These forms anchor themselves by their 
cirri, and though capable of crawling, climbing, and swimming, do 
not often exercise their faculty of locomotion. Secondly, the group 
in which either a portion of remaining stem, or the lower part of 
the cup {ue, BB or IBB), becomes solidified, usually by additional 
deposition of stereom, into a knob, which, one may suppose, serves 
as ballast or as a sea-anchor ; such forms are Agassizocrinus (p. 181), 
Edriocrinw (Fig. CXII.), and MiUeriennus Praiti (Fig. LIT.). Both 
of these groups have a small calycal cavity with thick walls, and 
there can be little doubt but that all are attached by a stem in the 
earlier stages of ontogeny. The third group, comprising MarsupUes 
(Fig. CIV.), Saceaeoma (Fig. LXVIIL), and Uiniac7inu8{Fig. CIII.), 



Fio. LII. 

Stagen In the Iom of the Nteiu by 
MUUrierinvM Pratti. 1, cnp with stem or 
mvtntj colmtitutlM ( x ])l 2, dUtal end of a 
stem, with apparent root (natumi size). 
8, cnp with nirly long atem, with inter* 
calated new eolainnaw (natnral HizeV 4, 
cnp with Hteni of twenty columnnln ( x 9). 
5, cup with item of live coluuuiale (x |). 
(t, lower i«rt of crown, with eteiii reilucea 
to a pentagonal ]>late (c), with alight 
trace of atrophied next colunnial (x |>. 
7, bane, cloeed below by a Hingle plate 
(cX witli no trace of lumen or of other 
colninnala. Thb plate la the proxiniale 
(p of 8 and 4X hut ia covered by Hccond- 
ary Rtereoni (x i). (All after P. U. Oar- 
pen ter.) 



has no trace of a stem or of any anchoring structure, but is in all 
respects adapted for free locomotion ; the calycal cavity is large in 
proportion to the thickness of the arms, and is enclosed by thin 
flexible walls. Of. these three genera, Saccocoma is the most special- 
ised, and is supposed by Jaekel (1893) to have been pelagic, living 
in swarms. Uiiiiacnnus^ with its extraordinarily long and movable 
arms, may also have been pelagic. The genera of this third group, 
although of origin as diverse as those in the other groups, resemble 
one another in the presence of a central, pentagonal, apical plate. 
This in Saccocoma may be the fused basals ; in Uintacrinus and Marsur 
pUes it represents neither basals nor infrabasals, but may be the 
proximale, or the supposed distal columnar plate ("dorso-central"), 
or a new supplementary plate. It is safest to call it centrale. 

Another curious modification, perhaps connected with a free- 
floating existence, was presented by the root of Scyphocrin'm. 
This swelled out into a hollow, chambered, balloon-like body, 
referred by Barrande to an independent class of Echinoderms under 
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the name LoMUh/uSy and described by Hall as a float, which he 
called Camarocrinus. 

As regards the internal organs of the crinoid not much can be 
said. The most remarkable modifications are those affecting the 
Gut. In most recent crinoids this makes a simple dextral coil 
around the thecal cavity, from central mouth to eccentric anus. 
The mouth may be slightly shifted anteriorly by increase in sice 
of the anus, or by the anal tube coming to occupy the centre of 
the tegmen, as in BaiocnnuSj or even to pass beyond it towards 
the anterior margin, as in Siphonocrinus (p. 199). But the mouth 
remains in the axb of the coil, and such forms are called *^ endo- 
cyclic." In Adinomdra (p. 196) the gut winds in the same way, 
but instead of issuing immediately the first coil is completed, 
it continues to coil, not however around the axis of the 
mouth but around the axis of the anus. The mouth, with its 
annular accompaniments, therefore lies between the outer coil and 
the next one, and not in the axis of the coil ; such a form is called 
"exocyclic." This type of coiling does not correspond to the 
two coils of the echinoid gut, since those are formed by a loop 
returning on itself, in the way that any tube or cord fixed at the 
extremities is necessarily lengthened. The coil of the gut in 
Adinometra is therefore doubly peculiar. Yet in the number of 
its coils it finds a parallel among the Camerata. In many of these 
{e.g. Tdeioerinus, Cadocrinus^ BatocrinuSy SirotocrinuSy Maerocrimiu, 
Euirochocrimis, Hahracrinus, and JHmerwsrinus) the gut seems to 
have been supported by a loose, spicular calcification of the 
connective tissue around the axial sinus, forming a " convoluted 
organ " not unlike the shell of BuUa (Fig. XLIY. 3). Probably the 
oesophagus passed down the hollow axis, then the gut coiled 
dextrally in a widening spire, and the rectum passed up outside, 
often along a thickened rim. The number of coils was at least three 
in a Batocrinus figured by Wachsmuth and Springer (1897, pi. v. 
fig. 6). It is remarkable that two of their figures (ib. figs. 5 
and 7), if correctly described, show a sinistral coil. There is no 
reason to suppose that the coil of the gut was ever other than 
dextral in any class or order of Echinoderma, though Jaekel 
(1897) has made an unconvincing attempt to prove that it was 
sinistral in Camerata, Cystidea, and Blastoidea. 

In Bathycrinus, Bkizoerinus, and the larval Aniedon, the mid-gut, 
at the bottom of the thecal cavity, is widened into a stomach. 
In Baihycriims and BhizoGrinus are also interradial diverticula from 
the outer side of the coil, supported by processes from the brachials 
(Fig. LIII.). Such diverticula were present in the SUurian Hahro- 
erinus, if the evidence of the convoluted organ and of Angelin 
(1878, pi. xxvi. f. 12) can be relied on. In PerUaerinus and 
Antedonidae, and to a less extent in Bathycrinus^ the gut-wall on 
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the inner side of the coil is thrown into folds or villi (Fig. LIV.). 
In Adinometra, however, with its long coil, such plication is slight. 
Sacculi (Fig. LV.) are structures confined to this class. They 
are globular sacs surrounded by mesoderm, but lying close beneath 
the epithelium, usually of the external surface. The lower wall 
of each sacculus is clothed with rather large nucleated cells, 
apparently derived from mesoderm, and from these grow up 
processes filled with refringent granules of albuminoid substance. 
Each process elongates and becomes attached to the upper (i.e. 
outer) wall of the sacculus by a filament. The granular portion 
of the cell may then separate from the nucleated base, and finally 
may burst, setting free the granules. These granules, colourless 
in life, are stained on death by the yellow pigment of the peri- 
some, and show strong affinity for most staining reagents. The 
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Seetion actom the tliecal 
otrity of IkUhycrinvs AU 
drichian'M, at tlie level of 
Mcond primibrachs, show- 
ing interradial proccHHen of 
atomach (<<), the rectum (rj 
and the axial organ (< 
(piAfframinatiMed fh>m 
H. Oarpanter.) x 7 diain. 






Fio. LIV. 

Ix)nffitndinal Rection of 
wall of anal tube o^ Antctloti 
bifida, 8liow1n»; villi (v) of 
rectal wall and their gland 
cella (jf). In the connective 
tiMue layer are plates of 
stereoni {nt\ and outside is 
epithelinni (e>. (Diagram- 
niatised fh>iu Ilamann.) 
Greatly magiiilied. 



Fio. LV. 

Section of a nearly ripe sac- 
culus of Antedon bifiiUt. inl, 
8U])erficial layer of iiitogiunent; 
/, llbrillar attachments of con- 
tained cells to integument ; ciU, 
cutis surrounding xncculus, and 
containing nuclei (nx): (^, granu- 
lar masses of the cuntaine<l cells ; 
the laige nuclei oftlioMe cells are 
seen below in the lining epi- 
thelium (cp) of the sacculus. 
(After aitoot.) X SOO dUm. 



sacculi occur chiefly at the edges of the food-grooves; and the 
side-plates, when highly developed, are notched for their reception 
(as seen in Fig. IX. 2). They have also been observed in the 
walls of the gut, in the mesenteries, and above the chambered 
organ. They are developed so soon as the larva begins to feed. 
Sacculi have been regarded as calcigenous glands (Wyville Thomson), 
mucous glands (Bury), excretory organs (Ludwig), symbiotic algae, 
*' Zooxanthellae " (Vogt & Jung), and accumulations of reserve 
material (Walther, and especially Cu6not, 1891). Since the com- 
prehensive account by the last-named, little has been written on 
the subject, and his view has found general favour. Sacculi occur 
in ArUedon, Promachocrinus, Eudiocrinus^ AteUainuSy Rhizoerima^ 
Bathycrin/uSy and Pentacrinus ; they are certainly absent from Actino- 
metra^ and probably from all other recent genera. This fact renders 
their occurrence of taxonomic value. 
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ThK CLA88IFI0ATIOV OF VHB CbIHOIDBA. 

When the modifications above described have been grasped, when it 
is remembered that these are only the more usual among the changes 
that take place, and that there are others even more remarkable, and 
when it is learned that most of these may affect members of any group 
at any period, then it will be understood that the decipherment of the 
few and fragmentary leaves of crinoid history that have been preserved 
to us has lieen a long and difficult task, full of vain attempt and 
rejected theory, and that classification after classification has been raised 
but to fall ; and still the leading writers cannot agree, even provisionally. 

An admirable account of the literature on this class, from Agrioola, 
in 1558, to C. F. Hoemer, in 1853, was given by de Koninck and Lt^ 
Hon (1854), and supplemented by W. B. Carpenter (1866). The 
nomenclature of genera and species dates, of course, from 1758, the year 
of publication of the tenth edition of Linnaeus's Sytteina Naturae; but 
neither Linnaeus nor his immediate successors were more happy in their 
dealings with this then little known group than more ancient authors. 
It was J. S. Miller of Dantzig and Bristol, who, in 1821, laid die 
foundation for a scientific knowledge and classification of the Cbinoidba, 
as he was the first to name them. Accounts of the subsequent growth of 
knowledge and theory are so accessible in Zittel (1879, 1899), P. H. 
Carpenter (1884), and Wachsmuth and Springer (1897), that only the 
main stages need recalling, and that briefly. 

Miller's Crinoidsa excludes unstalked genera ; the others known to 
him are divided into : — ^Abticulata : ossicula forming the cup «urticula- 
ting, ApiocriniLs, PentacrimUy Enerinus, Semi-Articulata : plates of cup 
articulating imperfectly, Poteriocrinus, Inartioulata : plates adhering by 
sutures, lined by muscular int^;ument, Oyathocrinus^ AelinoennuSf Shodo- 
crinus, Platycrinus, Coadunata : proximal ossicles of cup anchylosed to 
proximal columnal, Eugeniacnmu, The principles of classification here 
adopted profoundly influenced subsequent attempts, while the genera 
form the types of modem families. 

Joh. Milller (1843) meant by *< Crinoidea '' all Pelmatosoa, dis- 
tinguishing the crinoidfl proper as Orinoidea braehiaia. Among these 
he retained Miller's Articulata, adding to it the Anted onidae, and 
stating that the rays developed from the baae of the cup, and merged 
into the free arms ; that the proximal plates of the rays were latersdly 
united by an integument continuous with that of the ventral surface ; 
that the radial and first primibrach, the primaxil and first secundi- 
brach, were joined by musdes, but the first and second primibrachs by 
muscles or syzygy; and that food -grooves, mouth, and anus were 
visible on the tegmen. The peculiar genus Saceocoma^ unknown 
to Miller, was made the type of the Costata : stemless, without centro- 
dorsal, and with processes from the brachials (pinnulae oppontae^ Mtdler). 
HapUicnnus metpiliformii was separated under the head Tibtagxa : cup 
and tegmen forming a firm, connected test, with five ambulacra running 
up to the mouth. Holopus was regarded as an entirely independent and 
peculiar division of the Crinoidea (junau laU>\ on account of its sessile cup 
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and the supposed absence of an anus ; but no group name was proposed. 
All other crinoids then knewn were placed in the Txssbllata, which 
included the unatalked Manupites; their cup was said to be composed 
entirely of plates, to which names were given (BB, RR, Ax, etc.X and 
their tegmen was said to be solid, with only one opening, and with no 
food-grooves. This classification, while retaining as a guide the mode of 
union of the plates, took also into consideration the structure of the tegmen. 

Zittel (1879) divided the Crinoidea brachiata, Eugrinoidea, as he 
called them, into three sub-orders, on the basis of Muller's classification, 
but merging Holopus and the Testacea in the Articulata. Tessblata : 
cup-plates thin, immovably united by simple suture ; tegmen solidly 
plated ; mouth subtegminal ; ManupiteSy Uintacrinw^ and all Palaeozoic 
crinoids. Articulata : cup-plates usually very thick, united by articu- 
lating or plane sutures ; tegmen integumentary, rarely plated, with open 
food-grooves and central mouth ; all Neozoic forms, except those here 
mentioned under other sub-orders. Costata: Saccoeoma (see under 
MiLller). By this time several families had been founded, notably by 
C. F. Roemer (1855) and Angelin (1878). These were added to by 
Zittel, and those of the Tesselata arranged in groups, chiefly according 
to the construction of the tegmen. Most of the families were well 
founded, but the characters of the Tesselata and Articulata, though 
applicable to a few genera, were not really capable of extension to all the 
forms that had become known since the time of Mtiller. 

Wachsmuth's establishment of the Palaeogrinoioea in 1877, ''to 
include those forms in which the disc is roofed by a second integument, 
which he supposed to exist in all Palaeozoic crinoids" (W. & Sp.), 
has already been noticed. The order covered nearly the same ground 
as the Tessellata, and opposed to it was the order Stomatocrinoidea 
or NsocRiMOiDEA, corresponding roughly to the Articulata. Carpenter 
& Etheridge (1881) accepted the division, but laid more stress on the 
asymmetry of the posterior interradius in Palaeocrinoidea, and therefore 
suggested Irbboularia and Reodlaria. 

Wachsmuth & Springer (1885) divided their Palaeocrinoidea into 
three sub-orders, originally suggested by Wachsmuth's study of the tegmen. 
Oambrata : tegmen rigid, formed of rather large thick plates ; brachia 
in part rigidly incorporated in cup by means of interbrachials ; Reteo- 
crinidae, Rhodocrinidae, Thysanocrinidae, Glyptasteridae, Melocrinidae, 
Actinocrinidae, Platycrinidae, Hexacrinidae, Eucalyptocrinidae, Barrandeo- 
crinidae, and Acrocrinidae. Articulata : tegmen flexible, formed of 
minute plates ; brachia may or may not be partly incorporated in cup, 
but not rigidly ; Ichthyocrinidae, Crotalocrinidae.^ Inadunata : brachia 
not incorporated in cup. These were divided into Larviformia : 
tegmen of few plates; ''disc" covered by "vault"; Haplocrinidae. 
Cupressocrinidae, Gasterocomidae,^ Stephanocrinidae ; and Fistulata : 
"disc "not entirely covered by "vaults" but passes out as a porous 
" ventral sac" ; Hybocrinidae, Ueterocrinidae, Anomalocrinidae, Belemno- 
crinidae, Cyathocrinidae, Calceocrinidae, Catillocrinidae, Poteriocrinidae, 
Encrinidae, Astylocrinidae. 

1 Removed to Camerata in 1888. * Removed to FistaUta in 1890. 
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It must always have been obvioua that the Neocrinoidea were a 
polyphjletic group deriyed from the Pakeocrinoidea ; the difficulty has 
been to trace the relationship. This task, however, was forced upon us 
when those orders were finally rejected. Since that rejection did not 
carry with it the overthrow of Wachsmuth and Springer's sub-ordci-s, the 
practical result was the raising of them to the rank of orders, in which 
Neozoic crinoids had to be appropriately placed. 

P. H. Carpenter (1889) referred all Neozoic crinoids to the Articu- 
lata (W. and Sp.) as a sub-order, Finn at a, with pinnules ; while the 
Ichthyocrinidae constituted a sub-order, Imfinnata, without pinnules. 
This had the advantage of making Articulata, W. & Sp., very nearly 
the same as Articulata, MilUer. But there is reason to beli#ve that 
the Pentacrinidae are descended directly from the dicyclic Inadunata ; 
and since Pentacrinui (ie, l9ocrinui) was Milller's type, one can hardly 
escape confusion in using the term Articulata for a group that 
excludes the Pentacrinidae. Flexibilia, Zittel (1895), is superior 
and prior to Wachsmuth & Springer's proposed substitute Articulosa 
(1897), which, moreover, was used in a different sense by Jaekel (1894). 

One reason for the above reference of the Pentacrinidae is the 
discovery by Wachsmuth & Springer (1897) that in the Flexibilia the 
top columnal is not the latest formed, but a peranstent proximale, usually 
fused with the infrabasals ; whereas in Pentacrinidae, as in Camerata and 
Inadunata, the top columnal is merely the latest formed, and continually 
moves from its proximal position as new columnals develop. This, along 
with the otiier characters, seems to confirm the independent nature of the 
order Flexibilia ; at the same time, the resemblance of early genera 
to contemporaneous Inadunata is so striking, that one must suppose the 
Flexibilia Impinnata to be derived from non-pinnulate dicyclic Inadunata. 
Then the want of links between Impiunata and Pinnata suggests that 
the process may have been repeated, and that Pinnata were derived 
from Triossic pinnulate Inadunata (Fistulata, W. & Sp.). Whether the 
mode of stem-growth indicates affinity or parallel modification is a point 
that demands investigation. 

The Larviformia of Wachsmuth & Springer are generally accepted as 
the most primitive Crinoidea, and as representing the ancestral type of 
all the orders. On this ground the group might be retained, not 
as a sub-order of Inadunata, but as an Urgruppe, or an independent 
order (Zittel, 1895). But their geological age forbids us to regard the 
known genera and species as themselves ancestral to far older forms. If 
then they be placed with other Inadunata, the question arises whether 
the distinction of the dicyclic and monocyclic base is not more funda- 
mental than the varying development of the tegmen. A complex tegmen 
is a development from a simple one, but between dicyclic and monocyclic 
the barrier runs back to archaean ignorance (Bather, 1893). 

The Camerata, like the Flexibilia, form an order fairly well defined 
on a morphological basis. But here too there are grounds for suggesting 
that the modifications may have occurred more than once. The evolution 
of pinnules, of biserial arms, of fixed brachials, interbrachials, and the 
like, even of a solid tegmen, may all be traced among Inadunata (€.g. 
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BotryocrinuSf Emrinm^ UitUacnnuSj OrotalocrimiSf Cyaihocrinus), The 
Reteocriiiidae (W. & Sp.) present ub with the Articulate or Flexible stage 
of the Gamerata, and include both Dicyclica and Monocyclica. It is 
reasonable to suppose that the monocyclic Melocrinidae, Calyptocrinidae, 
Batocrinidae, and ActiuocHuidae were derived from monocyclic ancestors, 
whether Reteocrinidae or others, and that the dicydic Tbysanocrinidae 
and Rhodocrinidae were derived from dicyclic Reteocrinidae and similai* 
forms. On the other hand, the Platycrinidae, and their descendants, 
Hexacriuidae and Acrocrinidae, are closer to the Inadunata, and sprang 
probably from monocyclic genera, independently and at a later period. 
The Ci*otalocrinidae, which Wachsmuth and Springei* now place in the 
Camurata, are at any rate of totally different origin from all other Gamerata, 
and are intimately allied to OyaJthocrinus and G%s9ocrinu» among the 
dicyclic Inadunata. 

Previous authors have attempted to make their classitication serve as 
a key to structure rather than as an epitome of descent And the above 
considerations suggest that Wachsmuth k Springer's system, though far 
the best from an anatomical standpoint, is not tlie phylogenetic classifica- 
tion sought by the modem biologist. 

A bold attempt at a phylogenetic classification is shortly to be brought 
out by JaekeL From his preliminary notice (1894) and subsequent 
writings it appears that he separates the Gamerata (W. & Sp.), under the 
name Gladoidea, from the rest, to which he restricts tlie name Grinoidea. 
The Grinoidea have radials, five arms with brachial?, and ramuli (Jaekel, 
Jitpra), and anal plates connected with right posterior radial ; their origin 
is from such a simple type as has been described above. The Gladoidea 
originated independently from a many-plated cystid, in which numerous 
arms produced as many rows of supporting plates (costalia) in the cup, not 
homologous with radials and brachials ; the free costalia bear pinnulae 
(Jaekel, supra). The resemblances between Gladoidea and Grinoidea are 
admittedly great, but all to be explained comfortably by homoplasy and con- 
vergence. The Grinoidea (Jaekel) are divided into : — Fistulata : the root- 
group, with primitive, simple calyx ; including the generally accepted genera, 
also Porocrinus, Grotalocrinidae, and MarsupUes, Labvata: essentially 
the same as Larviformia (W. & Sp.), but supposed to be derived from 
Fistulata, perhaps through Heterociinidae. Gostata : " arms give off 
undivided, alternating side-branches, serving in part for reception of 
gonads ; cup usually thin-walled and spacious, composed of a circlet of 
large RR and a tripartite or fused base. No anal plates or tube ; tegmen 
simple, of five 0, to which subaralia ^ may be added " ; Hybocrinidae, Hapar 
locrinidae, Plicatocrinidae, Hyocrinidae, Saccocomidae, Rhizoerinidae (7). 
Articulosa : the old Articulata, W. & Sp. non Miiller ; Lecanocrinidae, 
Ichthyocrinidae, Taxocrinidae. Articulata, Miiller wm W. & Sp. : 
derived from Fistulata not from Articulosa ; Encrinidae, Pentacrinidae, 
Apiocrinidae, Eugeniacrinidae, Antedonidae. Jaekel's proposals are here 
alluded to in order that the student may understand the terms used in 
his forthcoming finely illustrated work. They are valuable as suggesting 
research for a large amount of confirmatory evidence. 

1 **Die Oralia mU dm Rouiialien verhindenden PUUtehen,** 
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The OlMsiflcatioii here adopted keeps accepted terms so far as 
possible, but the distribution of the groups is very different fiom that 
hitherto accepted. Dividing all Crinoidea into Momoctouca and 
DicTCUCA, we trace in each order a gradual and to some extent parallel 
modification, here and there diverging in somewhat similar directions. 
Thus the simplest forms in each order are Inadunata, with ftee distinct 
arms, and pass from a LArviform stage, with simple tegmen, to a Fistulate 
stage, with more complex anal tube and tegmen. At an early period 
(? Cambrian) in the history of the Monocyclica, the Comerate modification, 
viz. rigid incorporation of brachials in cup and ambulacrals in tegmen, 
'flfected a few forms, and thus arose Monoctolioa Cambbata. At a later 
p .od (Silurian) was a repetition of this modification, but one affecting the 
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cup to a far less extent, and resulting chiefly in a solid tegmeu and biserial 
arms ; thus arose the Moxoctcuca Adunata (or Platycrinoidea), which 
even Wachsmuth and Springer find a difficulty in placing with the 
Camerata. These two highly specialised branches died out before the 
close of the Palaeozoic epoch, the Adunata outliving the Camerata ; but 
the simpler Inadunate forms continued, and reached a high d^ree of 
specialisation in their Jurassic descendants, to which the living Hycerinus 
is closely related. The Dicyclica Inadunata similarly gave off the 
DiCTCLiGA Camerata, which persisted only a little less long than their 
monocyclic convei^nts. The dicyclic Crotolocrinidae of the Silurian 
are curiously parallel to the Monocyclica Adunata, but it is not worth 
while to separate them from the typical Inadunata. About the same time 
arose among the Dicyclic Inadunata the modification that resulted in 
the Flsxibiua, with brachials loosely incorporated in dorsal cup. The 
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Dicydic Inadunata caiue to their acme in Carboniferous times, and only 
those forms persisted to Neozoic and Recent periods which assumed an 
Articulate modification, viz. a loose lateral union of proximal brachials, 
as seen in Pentacrinidae, which are convei^gents of the Neozoic Flexibilia. 
The latter sub -order was represented during Palaeozoic times by the 
Ichthyocrinoidea (Impinnata) ; between them and the Neozoic Apio- 
crinidae, Bourgueticrinidae, etc (Pinnata), the links are missing, but may 
yet be found among Permian and Triassic crinoids (cf p. 140). At any 
rate, the Neozoic Flexibilia, when they assumed the free-swimming habit, 
took a new lease of life and have their acme in our own day. 

The systematic account of the Crinoidea may be prefaced .by a table 
of the temiB and symbols employed in technical description, as explained 
for the most part in the preceding pages. 
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We now proceed to review the sub-classes, orders, and families 
of Crinoidea. 

Sub-Class 1. Monooyguca, Bather (1899). 

Crinoidea in which the base consiBts of BB only, the aboral prolonga- 
tions of the chambered oigan being interradial ; new columnaU are 
introduced at the extreme proximal end of the stem. 

Obdsr 1. HimoeyeUca Inadimata 
(«Inaduvata, W. & Sp. iMfi, tmand^ 

Monocyclica in which the dorsal cnp is confined to the patina and 
occasional intercalated anals ; such Amb or iAmb as enter the tegmen 
remain supnirtegminal and not rigidly united. 

Thirty -one genera are here referred to this order. Of these^ 80 
diverge from the normal symmetry to a greater extent than by the intro- 
duction of anals, viz. 10 through the horizontal bisection of certain RR^ 
other than r. post. R, usually r. and 1. ant RR, while the remaining RR 
often increase in width ; 8 through such increase in width of certain RR 
(usually L post R and ant R), often accompanied by Tariation in the 
number of arms directly springing from RR ; 1 by disappearance of a 
radial (an occurrence also found in some of the other genera), and apparent 
increase in number of arms springing from RR (as in some other genera). 
Only 2 of the genera have regularly pinnulate arms, and in 15 the arms 
are imbranched. In 14, O are not separated from one another or from 
RR ; 11 at least have no anal tube, while in 6 of those the anus if it 
existed must have pierced post O. In the rest the anal tube was always 
supported by a well-defined median ridge of plates, simulating Br. In 
Dicyclica Inadunata such characters as these are confined to very few 
forms, and those the oldest Therefore, as well as on anatomical grounds, 
we infer that the prevalence of these characters denotes a primitive order. 

There is considerable parallelism of development between early In- 
adunate forms of Dicyclica and Monocyclica ; nevertheless, most of the 
Monocyclic genera fall into clearly marked groups, with which no Dicyclica 
can be confused. The Hybocrinidae and /Si^pAonocnniM are here taken 
first, because of their simple structure and resemblance to Eublastoidea. 
At a very early period the Heterocrinid type must have arisen, through 
horizontal bisection of RR (ontoo, p. 1 1 2) and branching of arms. liKTVMu 
and AwmaltxrifiiM may be early offshoots from that line of descent ; 
JJsrpstomniM and the Caloeocrinidae are other remarkably specialised off- 
shoots, the latter surviving to Carboniferous times. Starting afiresh from 
the Hybocrinidae, the exaggeration of size in certain RR became more 
pronounced in the Pisocrinidae, which, by addition of supplementary 
ladials and arms, lead up through Oajyoaatikoertmis and Afyoocrintif to 
(hJl^JiJUxrvMU^ a type presenting a strange convergence to Rid^noorvK^M, 
Zofhocrinug, AUageerinui, and certainly Ha/ploennui appear to be aberrant 
fgoja this line of descent The more regular Symbathocrinidae, with 
their simple arms, represent either the direct deeoenaants ot Uie Hybo- 
crinidae or a return from the Pisocrinidae to a more nornmi structure. 
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The Carboniferous Bd&minacrinMA simulates many Dicyclica in the com- 
plexity of its anal tube, but in arm-stracture may be regarded as inter- 
mediate between the Heterocrinidae and certain Neozoic Monocyclica. 
Of these latter, the first to appear are the Plicatocrinidae, and from them 
spring the Jurassic ^aMXicxma and the Recent HyoGriniu, 

Family 1. Htbocrinidak. Monocyclica Inadunata, in which RR differ 
but slightly in size and shape, except r. post R, which supports on its 
left shoulder the proximal plate (x) of the rudimentary anal tube, when 
present, while its right shoulder is separated by a slanting suture from 
the lower part of the plate and bears an arm. BB, 6. Arms, 3-5, 
unbranched, uniserial, non-pinnulate, less wide than RR. O, so &r as 
known, large, with traces of hydrospires, not separated from RR by 
supplementary plates ; post O cut into by anus and pierced by hydropore. 
Amb rest on adjacent edges of O. Genera — HybocyUiSj Wetherby (1880, 
see p. 95, Fig. I.) ; Hybocriniis, Billings (1857,-69; syn. Indianocrinus, 
MilL & Gurl.), Ordovician and Silurian, N. America (Figs. LVII. 3, VI. 
and XXXVI.) ; Hoplocrinm, Qrewingk (1867), Ordovician, Russia, includes 
Baerocrinus (Fig. LVII. 1, 2, 4). For chief literature see W. & Sp. (91). 



i' 

1 

Fio. LVII. 

Ilybocriniilae. 1, Hoploeriwu dlpentoM (type) ; 2, Hnpioerinus dipe}itaa (\'ar.) ; 3, lIjfUxriMU 
tumidm; 4, *' Baenerinus" Ungemi. 

Family 2. Steph ANOcaiyiDAS. Monocyclica Inadunata, with 5 equal RR, 
each bearing an arm in a deep radial sinus. BB, 3, the unfused B being 
usually r. ant as in Blastoidea. Arms branched. large, with traces of 
hydrospires (?) at their junction with RR ; anus at junction of post. with 
RR, with minute valvular covering. Amb, often fused, rest on adjacent 
«dges of 0, and 5 large ones, often fused, cover the peristome. Qenus — 
Stephanocrinut, Conrad (1842, see p. 96, Fig. II.), Silurian, N. America 
«nd Britain, and as ** Rhombifera mira** in Bohemia. The arms are 
said to branch, but no two observers agree as to the mode of branching, 
And in face it seems to differ in the various ambulacra of the few 
specimens that preserve the arms (R. P. Whitfield in litt). 

Familt 3. Hbterocrinidab. Monocyclica Inadunata, with z usually 
resting on left shoulder of r. post lU, and partly on right shoulder of 
L post R, but sometimes sunk between the two, and always supporting a 
long anal tube. BB, 5. Arms, 5, with proximal Br usually full width of 
RR ; isotomous or heterotomous, or bifurcate with armlets ; non-pinnu- 
late. 5 0, without perisomic plates, have been observed in HeteroerinMB 
heterodactylus juvenis^ but the relations of Amb to tegmen are unknown. 
Genera — locrinus, Hall (1866), Ordovician, N. America (Figs. XXVI. 1 ; 
XXVIII. ; and LVIII. 1) ; primitive in its isotomous arms, and RR similar 
in shape and undivided,, except r. post R, from which an upper portion, 
in shape like an axillare, is separated by a horizontal suture, and bears an 
arm on its r. shoulder, and on its 1. shoulder a line of ossicles supportiiig 
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an anal tube. Therefoxe for this line of deaoent^ euch a position of the 
median donal rib of the aoal tube ii ooneidered primitive (among Dicyclica 
a similar stage is presented by IferocrimaX Anal tube somewhat com- 
plicated. Stem markedly pentagonal, with 6 interradial sutares. Hdero- 
erinuij Hall (1843, em. S. A. Miller, 1889, syn. Stenocrinui, W. k Sp.); 
EctmocrinuSf Miller (1889) ; and Ohiocrinus, W. & Sp. (1886), are best 
known from Ordovician, N. America, bat certainly had representatives 
in Europe, where also they were preceded in Cambrian seaa by '* Dendro- 
crimu ecmhrUnMU^* Hickp (1873), which seems allied to Iocnn%$. They 
agree in the transverse bisection of r. and 1. ant BR, in addition to 
r. post R (exceptionally L ant R is simple, and ant. R may be compound in 
its stead) ; in the partial entry of the proximal plate of the anal tube into 
the cup, sinde it now rests partiy on L poet R, though more intimately 
connected with r. poet Rs (Ilg. XXVII.) ; in the departure from isotomy 
in the direction of two rami with armlets. In HtUrocnmu^ Ohiocfimu^ 







Pro. LVin. 



Heterocrinidae. 1, loerinui: 2, HeUroerintu hiUeviUnuii; 8, BeUnocrinus: 4, ifnoMoJo- 
crintu, 

and locrinus the stem is pentagonal and quinquepartite ; in Edenocnnus 
almost circular and tripartite. The anal tube is straight and narrow 
in Heterocrinut and EcUnoeriniu^ spirally coiled in Ohtocrimu (cf. 
BotryocrintiSj Streptoerintu). Ectenocrinut has almost reached a pinnulate 
stage of arm -branching, since the Br form syzygial pairs. Anonudo- 
crinuSf Meek & Worthen (1885 ; syn. Ataxocnnu»^ Lyon), Ordovician, N. 
America, differs from the last three genera : (1) in greater irregularity of 
RR, L post R being larger than the others and often bisected vertic^y 
(1. ant R or ant. R, as well as r. post R,are horizontally bisected as usual) ; (2) 
in its peculiar arm-branching (Fig. LYIIL 4). Herpetoerinus^ Salter (1873 ; 
synn. Ophiocrinvs, Charlesworth ; Mytlodaetyluif Ang. and '[?] Hall ; [1} 
Brachioerinuif Hsdl Fully described. Bather, 1893), Silurian, Europe^ 
and probably N. America. Crown bent^ in the transversal plane, back 
on the stem, which is then coiled around it in the opposite direction 
(Fig. LIX.)l The coil could be tight, or could be uncoiled and the crown 
exposed ; the movement was effected by an elastic ligament towards the 
inner margin of the coluronals, counteracted by strong muscles towards 
the outer margin, the fulcrum being a transrerse ridge. Columnals show 
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traces of original pentamerism, but over the greater part of the stem are 
ereaoentic in section, the concavity being on the inner margin. Cirri, 
borne on the horns of the crescent^ vary in their arrangement in different 
species. No root in adult One ray missing ; other RR all compound, 
except L post R sometimes ; x lower than in other Heterocrinidae, partly 
rests on r. post Ri (the radianal, RA). The tube outwardly resembles a 
series of Br and covering-plates. Arms slightly heterotomous. The 



Fio. LIX. 

Herpetoerinut FUtduri^ in its natuml coiled ponition, the cirri which covered the crown 
having been removed. C, cirri ; 5, longitudinal suture of stem ; <, anal tube. (After Bather, 
1898.) X {. 

remarkable resemblance of the coiled cirriferous stem to a pinnulate, 
canaliculate arm has misled most writers ; for the crown is rarely visible 
(vM^p. 134). Family 4. Calciocrinidab. Monocydica Inadunata, with 
the essential characters of typical Heterocrinidae, the L ant, r. ant, and 
r. poet RR being compound, and the arms branching primitively on the 
plan of Heteroerinus heterodaetylui ; but with the foUovring modifications 
induced by the bending down of the crown : — the r. post IR lies alongside 
the stem ; the 1. ant R lies away from the stem ; the plane thus marked 
is one of a gradually increasing bilateral symmetry ; r. post arm always 
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absent, its place being occupied by anal tube ; the tube encroaches on 
r. ant arm, so that this too disappears ; r. post R< and r. ant B< fuse 
to form a T-shaped piece supporting anal tube ; the T*piece atrophies, 
and the tube then rests on the corresponding iuferradials ; the simple RR 
(1. post and ant) increase in size, forming the sides of the cup and bend- 
ing round on*the adcolumnal side where the anal tube is, as well as on 
the acolumnal side, where they eventually meet between the two halves 
of L ant R ; the arm borne by L ant R may fork once, but usually 



a. Bi 




Ka. Br ^ R ^°- ^^- 

Calonoeri%yu fiuantct, fhmi tbe anterior idde. 
R, the bftM, hinged to left anterior radialt 
which is out of tight, and flexiUy Jointed to 
r.rt./{i, right anterior infemdial ; the anper- 
radialH of this and of the oorrespondiug radial 
on the other side are hidden fay the series of 
iiiain*axilii, lA* to VA%^ whidi support tbe 
branches of the two large side •arms; Uie 
visible Midewuni, tt.BT^ is tbe anterior, ami 
springs from clA, anterior nKlial ; ito diminished 
branches are seen at y and X, its enlarged 
branches at r ; the single arm along the upper 
Hide is the left anterior (Z.a.J9rX (iLRer Bather, 
1S9S.) Natural size. 

remains simple, owing to the extraordinary development of Uie arms 
borne by the two laige RR on either side of it ; the adcolumnal ramus 
of each of those arms is reduced to a series of 3-8 axillaries (main-axils; 
which lie side by side, curving round towards the anal tube ; each main- 
axil gives off a branch which itself bears armlets, which in turn may 
assume the regular nature of pinnules, and are rarely visible on the 
exterior of the folded arms ; the acolumnal ramus dwindles in size and 
becomes hidden by the other branches ; r. post B atrophies, 1. post and 
1. ant BB fuse, and the three plates thus left form a triangular base, 
which is regularly hinged to the L ant Ri, so that the crown could move 
up and down in the sagittal plane of its bilateral symmetry ; on the other 
hand, the columnals have each a slight curvature in this plane, and this 




Fio. LXI. 
Diagrams illustrating the structure of the posterior area in 1, Ouk<jerin\Lt : S, Aic^iroeriiMtf; 
8, OjJiaocri%M: 4, /fatyfioorinitf. 

kept the stem itself rigid. The various stages in the evolution are 
marked by 4 genera (Fig. LXI.) : Ceutocriniu, Ringueb. (1889), Ordovidan, 
N. America; Ey»Mrwsrinm^ Meek & Worth. (1873 ; synn. C%«iromniu, 
Hall fwn Eic^w. ; Orms/iwriMU^ Ulr. ; PriKliwxrinm^ Ringueb.), Ordovidan 
and Silurian, N. America; (>»JicMcrymw^ Hall (1862, em. Ringueb., 1889 ; 
synn. C%«iroorinfif, Salter, nom. tiii^; P«fu2iiWtnttt, Austin, MS. ; MMor 
cfuiiu, Ulr.), Silurian and Devonian, N America and Europe ; JJolyiMH 
mmo, Ulrieh (1886, em. Bather, 1893), Carboniferous, N. America. For 
history and morphology see Bather (1 893). 



Digitized by VjOOQIC 



THE CRINOIDEA 



149 



Family 5. PisocRraiDAE. Monocyclica Inadunata with 1. post. R 
and ant R much lArger than the other RR ; r. poet R is the only 
compound R tranevenely hiscctcd, and its lower half separates r. poet. R^, 
and r. ant R from BB, and forms with the two large RR the greater part 
of the dorsal cap. Arms unhranched and non-pinnulat& An anal tuhe 

<£j 



1. Titocrinui. 



2. Triaerinus, 



51 i!J fi?. Zf^ '\'' 



CalycafUh(h 
erinus. 




3i]ju»iimi.iiiy 



My€0crinv8. 



6. Catillocrinus, 



Fia. LXII. 



Pisocrinidne and CaUllocrlnidae. PB^ pftntredials ; (, anul tube plate » x ; ft", radlanal 
^RA ; other letters as uaiial. In iiyooeriniiM the radianal and lower parts of RR are hidden 
and therefore represented by dotted lines. 

nsuallj present, resting on post RR or on their processes. Genera — Pis(h 
crinuiy de Koninck (1858), Silurian, N.-W. Europe and N. America (Fig. 
LXII. I ; see also XVIII. 5), and IWomniw, Munster (1839, syn. Trieho- 
erinus^ J. MtQli^r, 1856X Devonian, Germany (Fig. LXII. 2), differ in that 
the former has 5 BB, the latter 3. But incipient fusion of BB is seen in 
P. oUvIa, and 5 BB occur in some Triacrintu, The anal tube closely 



Digitized by VjOOQIC 



I50 THE CRINOIDEA 



resembles an arm, and its presence was "first notified in 1893. The relations 
of the eup-plates, till then misunderstood, were thas shown to be essentially 
the same as in the majority of Monocyclica, while the origin of CSaZyoafi(ft«- 
Grinxuy Mycocrinui^ and CatUlocrinui became clear. This was confirmed by 
Jaekel (1895). Ptiocrinui was shown by Waehsmuth to have 6 O sor- 
rounding a peristomial space ; a groove passed along each interoral satnre, 
and probably conveyed the food-grooves to the centrsl opening. The 
rectum passed into the anal tube between post O and adjacent RR. An 
anal tube is said by Jaekel to have been absent from the thinly plated 
species of Triacrinui in Devonian slates. CcU}fcanthocnntUj Follmaan 
(1887), Lower Devonian, Germany, shows a remarkable modification, 
in the introduction of small arm -bearing plates (** paiaradials " PR), 
in the positions shown in Fig. LXII. 3. This may be compared with 
the vertical bisection of a radial in AnomoUocrinui or the addition 
of 5 'Mnterradial radials'' in Promachocrinui ; but it is the firrt stage 
of a process continued in Catillocrinidae. It is hard to see how this 
process could have been inaugurated except as a discontinuous meristic 
variation (cf. Bateson, Materials for the Study of Variaivm^ chap, zvii 
1894). Fahilt 6. CATiLLOcaiNiDAB. Monocyclica Inadunata, in which 
L post R and ant R are much larger than the other RR, and bear PR, 
usually fused to them ; no RA visible. Arms unbranched and non- 
pinnulate. Anal tube resembling arms, but stouter, rests on left process 
of r. post R Genera — Mycocrinus, L. Schultze (1866, W. & Sp, 1886 ; 
Jaekel, 1895), Middle Devonian, Germany (Fig. LXII. 4), differs from Caly- 
canthocrintu in the suppression of RA and the PR borne by it ; the still 
greater size of 1. post R and ant. R, which now bear 6-7 arms apiece, ije. 
15-17 arms to the whole crown. The 3 BB become fused, while the 
10-12 PR are usually fused with the large RR on which they rest The 
increase in size of the large RR takes place chiefly in the upper part ; all 
the RR rest on the basal circlet, which forms a knob sharply separated 
from them. Catillocrinus, Shuniai'd ex Troost (1860, syn. i^^Tiuitoertnui, 
Meek k Worthen ; see W. & Sp., 1886), Lower CsrboniferouS| N. 
America (Fig. LXII. 5). The cup has here resumed a shallow baain- 
shape, and differs from Mycocrinui in the complete fusion of BB and tha 
still greater lateral extension of the 1. post R and ant R in their upper 
regions. Those large RR now bear 15-31 arms apiece, there being 
usually more on ant R than on L post R (cf. Ccdycanthocrinus), The PR 
are absolutely fused with RR, or were never developed at all. The basal 
circlet projects upward on 1. ant side, but is almost hidden by the stem on 
the other side. The arrangement and shapes of the plates curiously 
resemble those which obtain in Halysiocrinui, while the arms may be com- 
pared to the branches that spring from the main-axils in that genua - A 
similar result has been attained by two lines of development, which, in 
their initial stages, were as different from one another and from tiie 
normal type as could well be. The relationship of these fonna is a 
problem that would repay yet deeper study. Family 7. ZoPHOCEarma& 
Monocyclica Inadunata, with 3 BB, 2 equal and 1 larger ; 4 RR, 1 1 
larger than the rest^ and probably equals r. and 1. post fiued ; 6 O I 
solid t^gmen, poet O being the largest, and r. and L ant O tha 
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and, what is lather unusual, not meeting post O in centre ; anus unknown ; 
6 groups of short arms lie where the interoral sutures meet the RR, 
which is not in the middle of any RR except ant. R (see Fig. LXIIL S) ; 
each arm-group appears to consist normally of 3 elements, % inner and 
1 outer, all springing equally from the calyx ; stem with small axial canaL 
Genus — ^ZojpAocnfiiM, S. A. Miller (189 IX Silurian, Indiana (Fig. LXIIL). 
Theca pear-ihaped ; Miller says there are 6 arm-plates in each group, and 




Fio. Lxni. 

j?opkocri»M< koimnii, ftom a apoclinen (n the eoUeetion of Hon. F. Springer. 1, ftnom 
poeterior, x f ; 9^ oral sorikce, x V* ; 8, dlaaeetion of plates. 

this may be so in some specimens ; these arm-plates may be compared 
with the arms of Oatillocrinidae, but whether they bore further Br is 
uncertain. The tetramerism of this genus affects the cup only, and was pro- 
duced by fusion, not by atrophy as was probably the case in Herpetocriniut, 
Family 8. Haploorinidak. Monocyclica Inadunata, with 5 BB, 5 
RR, of which 1. ant, r. post, and r. ant are compound ; tegmen composed 
solely of 5 0, one being pierced by a pore (? anus + hydropore) ; 6 arms, 
unbranched and non-pinnulate, the food-g^rooyes supposed to be subteg- 
minal. Gtenus — Haplocrinv^ Steininger (1837 ; AplocrimtSf d'Orb. ; see 
W. & Sp., 1886), Devonian, Europe and N. America (Figs. XXXV. 
and LXIV.) ; resembles the ^i- 
cal Heterocrinidae in its cup, A-Anaf 

the Pisocrinidae in its arms, ].ant Ipest^-^r post rant Ant 
and AUagecrinus in its tegmen. f^r] /t-J"\ rTJ*"^ qs\ rLr\ 
The pore in post O was dis- / — v( /lW\ ?^V J ^^ 
cussed on p. 126. Family 9. VxnS^^^vSo'^^^ 
Allagecbinidae. Monocyclica <T^ <;£^ V^ («> Q^ BB 
Inadunata, with 5 BB, 5 RR all 

simple, but of unequal and van- ^^' ^^'^• 

able size, the larger ones often Wi^ctionofcapofjsrajrfwinw. jr-ndianai. 
bearing 2 arms, while some arms 

may occasionally be absent or diminished in size ; t^^en composed in 
the young of 6 0, one pierced by a pore (f anus -I- hydropore) ; 6 arms un- 
branched and non-pinnulate, the food -grooves supposed to be subtegminal. 
Genus — AttageennuSf Etheridge & Carpenter (1881, restricted by W. k Sp., 
1 886), Lower Carboniferous, N. America, Upper Carboniferous, Scotland, 
resembles Haptoerinui in its tegmen, while the duplication of arms is 
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reminiscent of Clti/y0an<AomniM; here, however, the BR are axillary, 
and PU not developed. Rowley (1895) has described calyces less than 
'5 mm. high. Family 10. Stmbathocrinidae. Monocyclica Inadunata, 
with 5 simple RR, bearing 5 unbranched, non-pinnulate arms, which rest 
OB a rule on broad articular facets projecting adorally in ** muscle -plates," 
corresponding to the muscle-fossae. Genera — Phimocrintu (Low. and Mid. 
Devonian, Europe), Stylocrinus and Stortingoerinus (Mid. Devonian, Europe), 
StfmbcUhocnnuiy including Lageniocrimu^vfhich is probably its young (Upper 
Devonian and Lower Carboniferous, Europe and N. America). PhimocrinuSy 
Schultze (1866), is primitive in having 5 BB, while all the rest have 3 ; 
the oldest species, P. Jouberti^ Oehlert, shows clear traces of horizonUl 
suture in r. post, r. ant, and 1. ant RR, the usual compound RR of typical 
Heterocrinidae ; the proximal plate of the anal tube is placed as in those 
forms. The latter feature is also found in StortingocrinWf Schultze (1866), 
which is notable for having the small unfused B in 1. post IR, and the 
angles of the columnar canal radial in position, though the genus is Mono- 
cyclic StyloerintUf Sandberger (1850), has no facet on RR for support 
of an anal tube, nor is the usual passage for the rectum seen in the cup- 




r post/ Want/ \ Ant / ^^ 



BB 



Pia LXV. 



Dinmction of cnit of Stfwhathocrinvn. Tlie pniject ioiiM on tli« RR are iiiiucle>p]ateH. 

wall ; therefore one cannot orient the small B ; the anus probably pierced 
post 0. Symlxithocrinus, Phillips (1836), has small B in L ant IR, as in 
Platycrinidae ; the anal tube rests on the shoulder of r. post R ; 5 0, 
all small, post O being the largest and separated from the muscle-plates 
of the adjacent RR by the passage of the rectum (Fig. LXV.). The family 
is not clearly defined, and its Middle Devonian members present remarkable, 
though superficial, resemblances to the contemporary Cupressocrinidae. 

Family 11. Belemnocrinidae. Monocyclica Inadunata, with 5 
BB, 5 simple RR, each supporting by a slightly excavate facet an ami 
which forks on IBr^ ^r 5 J 6*ch ramus, with numerous syzygies in the 
proximal i)ortion, bearing lamuli on alternate sides of most epizygals 
and of all ordinary distal brachials ; single narrow anal in radial circlet, 
resting on post B, and supporting a large anal tube composed of alter- 
nating hexagonal plates, folded on their lateral margins. Genus — Belem- 
noerinutj White (1862), Lower Carboniferous, N. America. Doi-sal cup 
elongate, its plates solid, and thecal cavity a narrow canal below and 
shallow excavation above, thus resembling that of many Neozoic crinoids. 
B. iyptis has no cirri on the stem, which is circular in section ; B. florifei- 
has a stellate stem of true Monocyclic type, with 3 or 4 cirri to each node. 
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Miuouricnnus, S. A. Miller (1891), Burlington group, if truly Mono- 
cyclic, must be placed near here. 

Family 12. Pucatocrinidae. Monocyclica Inadunata, with BB fused 
into a knob-like support ; 4 or 6 (exceptionally 3, 6, 7, or 8) simple RR, 
enclosing wide thecal cavity, each supporting an arm, which forks on 
IBrj ; IIBr wedge-shaped, united by perforate articulation, not, so far as 
known, by syzygy, regularly pinnulate ; pinnulars tend to fuse. Tegmen 
unknown. Columnals cylindrical, with radiately striated joint-surface. 
For full account, and for the evidence of the axial canals passing from RR 
into the fused basal circlet, so proving that it is no columnal, see Jaekel 
(1893). Genera — PUcatocrinut, Munster (1839), Upper Jura, Germany 
(Fig. LXVI.X thin RR enclose a wide and deep thecal cavity, faceU from 
^ to ^ width of R, crescentic, without 
large muscle -plates ; proximal pinnules 
composed of 3 pinnulai's, which in suc- 
ceeding pinnules are fused to a solid piece. 
Tetracrinus, Munster (1839), Upper Jura, 
France and Germany, has thick RR with 
strong muscle-fossae. The occasional oc- 
currence of 3, 5, 7, or 8 rays shows that 
the normal 4 and 6 arose from the more 
usual 5 as sports (ix. discontinuous meris- 
tic Tariations). Family 13. Hyocrinidae. 
Monocyclica Inadunata, with 3 thin BB, 
the smaller one in 1. post IR ; 5 RR, thin, 
broad, and spade-shaped, with a slight axial 
fold running straight up the middle from 
the subjacent B and ending in a narrow 
facet ; 5 arms, bearing unbranched alter- Fiu. Lxvi. 

nating ramuli, which may be modified in piicatocrinus Fnuui, from aborai 
their proximal portions for reception of 'Z'::^^j:''\i:Sl^T'^^\^l 
ripe gonads; Br long, cylindrical, with 1882, x \.) 
deep, narrow ventral groove ; below the 

first ramule, which is on the right of each arm, are 6 Br, with the 
joint between each pair a syzygy ; between successive ramuli are 3 
Br, united by syzygies ; proximal ramuli the longest, and the follow- 
ing ones proportionately shorter, so that they all terminate on the 
same level as the arm ends ; 5 triangular 0, separated from RR by 
iAmb and Amb, cover the wide mouth and circumoral tentacles ; each 
as a rule pierced by a water-pore, and post by 2 ; water- pores also 
pierce several iAmb, but not in post IR ; anal tube reduced to a small 
cone towards the left of the post interambulacrum ; columnals cylindrical, 
slightly higher than wide, united by discs of ligament- fibres, joint- 
surfaces hollowed and plain or indistinctly striate, with stellate axial 
canal ; no cirri ; root unknown. The sole living reprepentative of the 
order is the unique si>ecies Hpocrinus hethellianusy W.-Thomson (1876, 
Fig. LXVIL), dredged by H.M.S. CfuilUnger 30 miles W. of Crozet Is., 
in the Southern Ocean, while columnals are said to have been found 
in Mid-Atlantic just N. of the Equator; see P. H. Carpenter (1884). 
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Evidence for its truly Monocyclic nature it wanting; but in the 
absence of proof to the contrary, it muat be 
left in this, apparently natural, position. The 
stem is not unlike that of some Piicatocrinidae ; 
^ the branching and syzygies of the unforked 
arms remind one of the structure in the 
arm-rami of BdtmruicnnvM and Saecoooma ; the 
cup is not unlike that of PlicaUKrinHM FraatL 
The only specimen at all complete is a male, 
with testes probably mature and swelling out 
in the proximal portions of the proximal 
ramuli ; in these regions each ramular sup- 
ports 2 or 3 square side-plates on either side, 
and these support the covering-plates. The 
orals could probably open to expoee the 
funnel-shaped gullet, which leads into a 
narrow gut with single dextral coil ; glandular 
ridges line the gullet and first part of the gut 
The intra-thecal connective tissue contains no 
spicules. Family 14. Saccocomidak. Mono- 
cydica Inadunata, in which 5 RR and a 
minute centrale enclose a large spheroidal 
thecal cavity ; each R has a prominent median 
ridge ending in a narrow facets which sup- 
ports a thin arm, forking on IBr^ ; beginning 
at about IIBr^^ each ramus gives off from 
every 3rd Br unbranched alternating ramuli 
arranged as in Hyocriniu; the rami and 
ramuli are usually found rolled up in their 
distal portions ; Br cylindrical, elongate ; 
lax and the more proximal IIBr may bear 
lateral, paired, wing-like expansions, which 
in the more distal Br and the ramulars are 
always represented by delicate trellised pro- 
cesses, with thicker upper and under mar- 
gins, which it is conjectured supported a 
continuous membrane ; no stem ; all skeletal 
elements very thin and coarsely reticulate. 
Genus — Saeeocama, L. 'Agassiz (1834; syn. 
Euryale^ Konig), Solenhofen Lithographic 
Stone, Upper Jura (Fig. LXVIIL). Jaekel, 
. who has admirably elucidated the structure 
] and afSnities of this wonderfully specialised 
crinoid (1893), considers that, the arms were 
swimming-organs, the food-groove, ambulacral, 
and genital systems being atrophied at their 
distal ends, and that the animal was pelagic, 
floating in enormous swarms in the peaceful lagoons of Eichstadt and 
Solenhofen. 
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Pio. LXVIII. 

1, & (mdto, firoiu aboral Kurfiiee (after JmImI, x^V t, JL 
abonl mifkce, to abov ooUiag of ann-braiichea (x W 8,-.S. jwiriairti^ «n «ii 
bneldalaftoBcido (after ntM, x fX 



Order 2. Adimata (Bather, 1899). 

Monocyclica with dorsal cup primitively confined to the patina and 
an occasional aingle anal ; tegmen solid ; portions of the proximal Br 
and their Amb tend to be rigidly incorporated in the theea. Arms fork 
once to thrice, and bear pinnules on each or on every other Br. BE fvsed 
to 3, 2, or 1. {Eudadocrinus and Acrocrinidae offer peculiar eKc^tions 
to this diagnosis.) 

The genera of this order have been referred, in whole or part, to the 
Cameiata or their tsquivalents by most recent writers. But most of the 
SQurian genem htrt included are admitted as close allies of Monoeyelica 
Inadunata. If so, then they were derived from Inadunata ages after the 
typical Camerata had appeared. Moreover, though the Devonian and 
Carboniferous descendants of these Silurian genera became modified after 
the fashion of the Camerata, there is scarcely one in which the modification 
is so great as in the simplest Camerate. The order is divisible into two 
groups — A. with RR in contact all round the cup, and base consequently 
pentagonal in outline ; B. with RR separated by an anal plate in post 
IB, and base consequently hexagonal in outline. The relations of 
thf^ 'groups are not dear. B. may be derived from A, by sudden inter- 
calatioa of an anal, or A. and B, may have descended independently from 
Inadunata ; the absence of B, from Silurian rocks renders the former 
hypothesis more probable. There is no difficulty in imagining the deaeent 
of early genera of A,, such as Cordylocrihus and CoceocriniLs, from Hybo- 
crinidae in which the cup had become as symmetrical as in, say, SUphano- 
erintu while the arms had passed through regular dichotomy to a itoge 
wilh nmuli, as in Sdenoerintu. The actual intenuediate form is not yet 
known, but that it will be found among Ordovician crinoids is a 
legitimate inference. 
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Group A. Family 1. Plattcrinidas. No anal. BB 3 (»2 fused 
pairs and 1 unfused, this being usually the left, sometimes the right, 
antero-lateral) forming a pentagon. Cordylocrinu^ HapcUocriniu, Coeeo- 
crinus, and Cylieocrinuiy which appear in the Silurian and continue to 
Devonian, are more primitive than the rest Marnpocrinua, though also 
Silurian, 'n considerably more advanced, and may be regarded as a 
first attempt at the typical Platycriniu structure ; it was apparently an 
unsuccessful attempt, since it left no descendants, although Wachsmuth 
& Springer and Jaekel seem to regard Plah/erinus as such. Platycrinut 
came in the Carboniferous, with its offshoot Eueladocrinus, and, unless 
we are to imagine a reversal of the genera] trend of evolution, must be 
derived from a simpler form than Marnpocriwis, These facts are best 
presented by instituting 3 sub-families. Sub-Familt 1. Coccocrininae. 
Platycrinidae with IBr 2 (3 in Hapalocnnu$ Vidoritu) ; IlBr more than 
2 ; few Amb and iAmb in tegmen ; (?) anal tube rarely present ; stem cir- 
cular in section ; lumen small and round. Genera — Coccocrinus, J. M tiller 
(1855, syn. AmbUicrinuSy d^Orbigny pars, 1849), Silurian of America, 
Devonian of Europe ; large, symmetrical, almost covering the tegminal 
ambulacra ; iAmb 1 or 3 ; anus between and iAmb ; arms apparently 
delicate, fork once, distal portions unknown. CylieocrinuSj J. Miiller 
(1855, as Culicocrinus; Jaekel, 1895), Devonian, Germany (Fig. XL.), 
differs from' Coccocrinus chiefly in having heavy biserial arms. Hapalo- 
crinuSf Jaekel (1895, em. Bather, 1897 ; includes Agriocrinuiy ThallocrinuM^ 
and CUmatocriniLSf Jaekel), Silurian of England, Australia, and (?) N. 
America, Devonian of Germany (Fig. LXIX.) ; small ; iAmb more than 

1 ; Amb visible between O and iAmb ; 
arms fork once, sometimes twice, varying 
in this respect in the same species, or even 
individual ; IIBr (and IIlBr when pre- 
sent) uniserial, or lightly in zigzag, bear- 
ing alternately disposed pinnules, either 
on each or on every other Br ; cirri at 
the root, and often on nodala Cordyla- 
crinus, Angelin (1878 ; W. & Sp., 1897 ; 
Bather, 1897), Silurian of Gotland and 
England, Lower Devonian of N. America ; 
differs from Hapahcrinui in having com- 
pound IIBr, each of which bears a pin- 
nule on each side. Sub-Familt 8. 
Marsipockininab. Platycrinidae with 
one IBr ; IIBr, if not finiaLs, one or two ; 
many Amb and iAmb in tegmen ; no 
anal tube ; stem circular in section ; lumen 
„ . _, °* , _. * JL^ n-i* large M^^ quinquelobate. Genus — Mar- 

HapalocHnus rrtiarfiw, from Brit. . ® . 5 .1^ /icon 

Mu8. W615. c. cirri ; iBr, interbra- iipocnnuSj Bather (1889, nom. nov. pro 
litiiJi J'^i!S!*^"V^^***^*^* ^^*' Martupiocnnui, PhUlips, 1839, now de 

Blainville, 1830 ; 83m. OypeUocrintu vel 
Cupellaeerinui, Shumard, 1866, ex Trooet MS., non Steininger), Silurian, 
N.-W. Europe and N. America ; arrangement of cup-platet shown in Fig. 
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LXX., and of tegmen in Fig. XXXII. ; O rather small, pushed anteriorly, 
and asymmetrical; tegminal lAmb and IIAmb distinctly visible ; arms fork 
once or twice, stont, biserial, with large pinnules ; no cirri on column. The 
large size of Uie cup is accompanied by development of stroma-strands across 
the sutures. The large tegmen permitted a Qastropod (P' 'yceraa) to attach 
itself above the anus and live on the excrement ; this is seen in many of 
the larger Adunata and Camerata and a few other crinoids (Keyes, 1888). 
Sub-Familt 3. Platycrininae. Platycrinidae with IBr 1 (rarely 2), IIBr 2 
(rarely 3) ; tegminal Amb and iAmb usually more than in Coccocrininae, 



Fig. LXX. 
ManipoeHnut, horn Brit Mut. E6519. p», pinnules ; other letters as asoal. Nat size. 

fewer than in Marsipocrininae ; anal tube often present ; section of stem 
circular near the cup,ellipticor rhomboid below, with fulcral ridge following 
long diameter ; lumen small and round. Qenera — Platycrinus, Miller 
(1821, W. & Sp., 1897 ; synn. CefUrocrinus and Pleurocrinus, Austin ; 
EdwardtocrimUf d'Orb.), Devonian (1 species). Carboniferous, Europe and 
N. America (Fig. LXXI.) ; 1-3 iAmb always rest on the adjacent shoulders 
of the RR in each IR, and consolidate a varying number of Br and Amb 
with the calyx ; arms fork once to thrice (exceptionally more), the dichotomy 
often irregular, producing 6 rami to the arm ; columnals have a slight 
skew, so that Uie fulcral ridge of the proximal surface lies at an angle to 
that of the distal surface ; thus the flattened stem, which otherwise could 
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move only in one plane, has a spiral twist that enables it to bead in any 
direction (Fig. XLIX. 6, 6)i EudaiwHrnu, Meek (1871, W. & Sp., 
1897), Carboniferous, N. America ; appears late in the history otPUUf- 
mmw, from which it was erolved polygenetically by modification of the 
arms ; two main rami to each arm (sometimes only one ramus) composed 
of biserial Br, with large almost rigid Amb, form tubular extensions of the 
thecal cavity, and give off on alternate sides short, biserial ramoli, which 
in turn bear pinnules (Fig. LXXI. 4). This sketch of the evolution of the 
Platycrinidae is confirmed by the ontogeny of Platycrinm. In young 
stages (Fig. LXXI. S) the basal cup is relatively shallower ; RR less high ; 
columnals circular in sectiofi ; Br uniserial, later on xigzag, and longer ; 
pinnules relatively stouter and wider apart ; O relatively larger, and 




lb 




Flo. LXXI. 

PlatycrinlnM. 1, abonl view of cap and proximal brachials of Pfafyeriniw tmhtfinont (after 
Wachsmuth & SpringerX 2, crown of yonng P. HuntaviUxu, ftoin Brit. Mua. E«778. x |. 8, 
calyx of P. eminuittf , anterior view (after W. k 8p.i 4. anna of RvOauiocrinM* mtUc&radkialiw, 
oral sorfkce showins covering-plates (cp) and aboral sorfkce (after W. & 8p.)L Br', articular ftu:et 
for arms ; £ta, ramus ; r, immule ; other letters as usuaL All (exc. 2) two-thirds natural siie. 

occupying greater part of tegmen. From this obviously Coccocrinine stage, 
the change to the mature Platycrinus has been observed in many species. 
Group R Family 2. Hsxacrinidax. Cup formed of 1, 2, or 3 BB, 
forming a hexagon ; 5 RR ; and 1 anal in line with RR The family 
is closely related to the Platycrinidae, but differs in the hezamerous 
symmetry ; also, as a consequence of this, in the preeence of an interbasal 
suture in post IR^ whereas in Platycrinidae the nearest to that position 
is in r. poet radius. Genera — Hexacrinw^ Austin (1843, Schultze, 1867, 
W. & Sp., 1897), Devonian, Europe and N. America (Fig. LXXII.) ; 
BB 3 ; IBr, 2 united by syzygy in America, only 1 in Europe ; arms with 
2 rami, bearing ramuli. on one or both sides at intervals ; Br uniserial, 
and all except axillaries bear pinnules ; tegmen as in Pk^erinm ; stem 
circular in section, with small round lumen. Arthraeantha, Williams 
(1883, syn. Hystricrinutf Hinde, 1886^ has theca'of same structure, but 
armed with movable spines borne on tubercles ; arms dichotomous, biserial ; 
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•tem circular in lection. DidiocrtntM, Munster (1838, W. & Sp., 1897, 
8jn. GE>(y(0donoennitf, Caaiedaj & LyoD, 1 860), Carboniferous, Europe and 
N. America ; BB 2 ; IBr 2, united by nyzygy ; IIBr^ ^nd s ^<^i when arms 
fork again, IIIBr^ .1^1 ^ are united by 'syzygy ; arms thin, uniserial or 
biaerial, occasionally pendent ; stem circular in section. Camptocrinux^ 
W. & Sp. (1897), Carboniferous, America, differs from Dichocrinus 



Dg0go' 




Fio. LXXII 
H$meriMU. 1, analyiiB of cup ; 2, H. foUmtformU^ cup from below. (After L. Schultzc.) x \. 

only in the structure of the stem, which in its crescentic section and 2 
series of cirri resembles that o{ Herpetocrinus (p. 147). Talarocrinus^ W. 
& Sp. (1881-97), Carboniferous, N. America ; differs from its ancestor 
Dichocrintti in its more massive plates and in having but one IBr to an 
arm, and that small ; anal resembles ant R in shape and size ; arms 
branch twice, biserial, free from IIBr inclusive. PterotocrinuSf Lyon & 
Casseday (1859, W. & Sp., 1897 ; syn. Asterocrinus, Lyon non Miinster), 
Carboniferous, N. America; a remarkable modification of TalarocrimiSy 
with Br up to IIlBr incorporated in cup ; large 
wing-like processes spread out from tegmen, and 
probably represent the hypertrophied axillary 
lAmb. With this exaggerated type, the nearest 
approach to the true Camerata, the Hexacrinidae 
become extinct. Family 3. Agrocrinidae. Cup 
formed of 2 BB, forming a hexagon ; 5 RR ; 1 
anal in line with RR ; and a large belt of acces- 
sory plates between BB and RR. AcrocrinuSf 
Yandell (1865, W. & Sp., 1897), later Carboni- 
ferous, N. America (Fig. LXXIII.) ; derived from 
Dichocrinus, which it otherwise resembles, by the 
gradual intercalation of 6-20 circlets of supple- 
mentary plates, "superbasals" (SB) ; the SB ira- vm. Lxxiif. 
mediately above BB are always the latest formed An^rinus amphora. (R.'- 
and the smallest ; the SB supporting the anal and frSJiuS ^t!^"- 
ant. R are in single series, the rest alternate. 

In A. amphora the arms were recumbent on the cup and apparently 
immovable. This remarkable family was the last to appear, and sur- 
vived all other Adunata and all Camerata. 

Order 3. Monocydica Camerata 

( = Camerata, W. & Sp. pars), 

Monocyclica in which IBr, two in each ray(exc. StereocrinuSy Hadrocrinus^ 
AUoprasaUocrinus) and often succeeding orders of Br, are incorporated by 
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iBr in the dorsal cup (becoming " fixed brachials/' Br), while the corre- 
sponding Amb are either incorporated in, or pressed beluw, the tegmen 
by iAmb ; all thecal plates united by suture, somewhat loose in the 
earliest forms, but speedily becoming close, and producing a rigid theca ; 
mouth and tegniiiial food -grooves closed ; arms pinnulate. 

The families may be grouped somewhat after the plan of Wachsmuth 
and Springer (1897), thus ; — 

A. No anal plate in radial circlet of patina. BB usually form a 

pentagon. Melocrinoideix. 

B, An anal plate between RR in post. IR BB form a hexagon. 

1. Proximal anal heptagonal, succeeded by one or more in the 

same vertical series, between the ordinary iBr. Batocrin- 
oidea. 

2. Proximal anal hexagonal, succeeded by no vertical series, but 

by 2 iBr. Actinocrinoidea. 

Whether Group B. was derived from some genus in Group A. is un- 
certain ; representatives of both groups are found in the Ordovician. It 
is more probable that i?,2 was derived from i/,1, by way of the Periecho- 
crinidae. Among Melocrinuidea the Patelliocrinidae ore scarcely removed 
from the Inailunata, and some of their genera might almost be placed 
with the early Adunato, with which they were contemporary. Although 
their occurrence in the Ordovician is doubtful, yet the existence of the 
family points to the path along which the Camerata ascended. The 
Glyptocrinidae and Melocrinidae, which differ in little but number of 
BB, and both have anals in the dorsal cup, may have been derived from 
such a form as Stdidiocrimis^ which also has anals. With less doubt we 
infer that the Patelliocrinidae without anals gave rise to the similarly 
constituted Clonocnnidae, from which sprang Eucalyptocrinidae, and 
probably also Dolatocrinidae. Among Batocrinoidea the simplest and 
one of the oldest genera is Taiiaocrinus, with 5 BB, and not far from 
it come the earlier Xenocrinidae, with 4 BB, which perhaps led on to 
Periechocrinidae, and so to Actinocrinoidea. The important ancestral 
family, however, is the Silurian Carpocrinidae, in which Acacocriniu is 
nearest to the Inadunate type. From them arose BaaranieoerinuB with 
its recumbent arms, then the Coeliocrinidae without anal tube or respira- 
tory pores, and, later on, the Batocrinidae possessed of both those structures. 
No members of this order survived the Lower Carboniferous, but during 
their history they developed some of the most numerous in individuals 
and species among crinoid genera, and in jBarrancUocrtnus, EuealypUxrinuiy 
Agaricocrinus, and Strotocrinug^ some of the mosi remarkable of all 
Echinoderma. 

Sub-Order 1. Melocrinoidea. Monocyclica Camerata with RR in 
contact all round ; IBr^ usually quadranf;ular. 

Family 1. Qltptocrinidak. Melocrinoidea with 5 BB ; in each half- 
ray 2-8 lIBr, sometimes IliBr ; free arms rarely branch beyond IIIBr, 
and may be uniserial, zigzag, or biserial ; iBr numerous but definite ; 
illBr numerous, less definite ; a ridge of anals in post IR ; tegmen 
of numerous small plates ; stem round, with pentagonal lumen. All 
Ordovician of N. America, European representatives doubtfuL Genera — 
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Qi^toerinu^ Hall (1847 ; W. & Sp^ 1897 ; synn. CaniitTocrinw, W. & 

Sp. ; Pyenoerinui^ S. A. Miller), lias small BB and arms in zigzag (Fig.XXY.). 

Sehizocrinui, Hall (1847 ; W. & Sp., 1881 ; (1) syn. Scyphoerinui, Hall 

non Zenker), doubtful, but close to Olyptocrinus, arms uniseriaL Pniglypto- 

erinus, W. & Sp. (1 897), has large BB and biserial arma Family 2. Melo- 

CRINIDAC Melocrinoidea with 4 BB ; in each half-ray 2-5 IlBr ; these 

support 2 or 4 main rami giving off pinnules or pinnulate ramuli ; iBr, 

illBr, and poet IR as in Glyptocrinidae ; tegmen of numerous, small, and 

irregular plates; stem round. Genera — Scyphoerxnus, Zenker (1833; 

non Hall, nee Pictet), Silurian, Bohemia and (?) N. America. Cup very 

large, including many of the proximal ramuli, which enter the iBr 

and illBr areas ; subsequent rami are free and divergent ; rami and 

ramuli uniserial ; root a large hollow spheroid strengthened by internal 

septa, regarded as a float ( = Camarocrinus) by Hall, as a cystid ( = LoMithui) 

by Barrande. Mariacrinus, Hall (1859, -estr. W. & Sp., 1881-97 ; syn. 

Zenkericrinuij Waag. & Jahn), Silurian, Europe, N. America. Free arms 

composed of wedge-shaped III Br, divergent, may or may not bear a 

few ramuli on their amedian sides (Fig. LXXIV. 1). Meloertnus^ 

Goldfuss (1826; W. & Sp., 1897; ..««. 

synn. Astroerintis, Conrad ; Turbino- 

erinui, Troost ; Castanocrinus, and 

Oytoerinus, C. F. Roem. ; CUmocrintu, 

Oehlert), Devonian, Europe and N. 

America ; the 2 main rami of each arm 

are laterally fused into one trunk with 

single large ventral groove ; this bears 

paired biserial pinnulate ramuli (Fig. 

LXXIV. 2) ; thus the genus is related 

to Mariaerintu as Eudadocriniu (p. 158) 

to PUUycrinui^ and as ^eganocrinus (p, 

1 70) to Actinocrinut, Ctenocrinut, Bronn 

(1840, em. Follmann, 1887), Lower 

Devonian, W. Europe, is distinguished 

by Jaekel (1895), but merged with j 

Melocrimu by W. & Sp. (1897); the Fio. LXXiv. 

ossicles of the rami are compound, and Rays of Helocrinidae. l,UariaeriHu$, 

eacn may Dear SS pmnuies. nobilisHmus (after WachHinutU a Spnn. 

Family 3. PaTELLIOCRINIDAE. Melo- Ser). Rm, ramu«; r, ramule; i>, pin- 

crinoidea with but few Br incorpor- ''''''' Supple.nenUry plat«. are »iu«led. 

ated in cup; BB usually 3, unequal, may be the original 5, or may 
fuse to 1 ; both IBr resemble free brachials ; in each half-ray 1, or 
generally 2, IIBr, merging into free arms, which may be uniserial, zig- 
zag, or biserial ; iBr 2-6, a single one rests on RR ; stem small and 
round. This early Palaeozoic family contains genera with and without 
additional plates in post IR ; but all are simple forms, scarcely more 
removed from the Inadunate type than are the Silurian Adunata. They 
may be intermediate between Inadunata and some more advanced 
Camerata, e^, Clonocrinidae ; but it is not probable that they represent 
the ancestors of Glyptocrinidae or Melocrinidae. Qenera — Stelidicorinus, 
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Angelin (1878; [?] syn. JETarmaeriniM, . Aug.), Ordoyidan, N. AmeiioL 
and Silurian, Gotland (Fig. LXXV. 1, 2) ; 5 BB, uniierial anni, anaU m 




Fio. LXXV. 
FfetelliocriuidJM. 1 and t, AMWoeriitiu eopttiaitM. 1, eiljx ftom pontflrtor : S. ona 

poet. IR, large orak. Maero^locrvMU^ Hall (1862, W. & Sp., 1897), Silu- 
rian, N. America ; 3 BB, bieerial arms, anals in poet IB, email platee in 

tegmen. AVUKfriwMy W. & Sp. (1889- 
97X Silurian, N. America; 3 BB, 
uniserial arme, no anale in poet IB. 
Pa(«2Ziocftfiu<, Angelin (1878X Silurian, 
Gotland (Fig. LXXV. 3) ; 3 BB, arme 
zigzag or bieerial, no anala. BWorD- 
mniM, Angelin (1878X Silurian, Got- 
land; 3 BB, arme eecondarily uni- 
eerial, i& IIBr are compound platee, 
analfl uncertain. (7(mtr»oerini««, Bather 
(1899, nom. mut pro ^Qmtr^erxM^' 
W. & Sp., 1881, turn Austin, 1843, 
ntc Worthen, 1890); BB fueed, arms 
unknown, no anaJs in post IB. 
Family 4. Clonocbikidax. Melc 
crinoidea with 4 BB ; in each half- 
ray l-» IIBr, with varying n umber 
of IIIBr and even occasionally IVBr; 
free arms biserial, sometimee forking 
as far as VIIBr ; iBr few and 
definite; illBr few, not always 
2 present; occasional illlBr; no anals 

in poet. IR ; tegmen unknown ; stem 

round or sub-pentagonaL Genera — 

CfonocTMiiis, Quenstedt (1876, non 

Pio. Lxxvi. Oehlert, 1879 ; syn. Qw^miM/ninm^ 

ciofwcriiMw jwiydoceytM. 1, from tide -^Jig.X Silurian, England, Gotland, and 

{2S^Bri\**Mi.'^t):^^ ^ America; base concave; free arms 

nraaL Nat tixa. isotomous from IIIBr toYIIBr ; iBr ina 

single vertical row, the two proximal 
laige and definite. This genus leads towards Eucalyptocrinidae. Pojy- 
l»tfftMy Angelin (1 878^ Silurian, Gotland, seems to havepinnules incorpomted 
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in the cap. It leads on to Tr^hlvicnMtA^ Qeinitz (1867 ; syn. Spyridio- 
crtnuiy Oehlert^ 1891), Lower Devonian, Qermany and France, which 
also has a concave base. Technoerimu^ Hall (1859, W. & Sp., 1897), 
Devonian, Md., U.S.A., base convex, arms not branching beyond IIIBr, 
no illBr ; the cup plates have axial folds as in Dolatocrinidae, which 



FlQ. LXXVII. 

JCncalyptocrinidM. 1, CaUicrinvi wiurchi»onianui from the side, aniui removed except on 
the right ; 2, plates from distal end of anal tube ; 8, the same plates from C. eostaiui ; 4, similar 
plates described by Hall ae OryptodiKus ; 5, calvx of CaUicriitfu cogUUus; J, f, 5, U denote 
successive circlets of the anal tube; i, ii, iii, denote the areas of origin of interbrachial 
processes. Other letters as usual. 1, 2, 8, 6, after Angelin ; 4, after Hall. 

&milj maj be thus connected with Corymbocrinidae. Familt 5. 
EucALTPTOCRiNiDAS. Melocrinoidea with usually concave patina of 4 BB 
and 5 RR ; in each half-ray are 2 IlBr, supporting IIIBr| (and in 
Eueaiyptoerinub IIIBr^), followed by IIIBr, proximally uniserial, distally 
biserial ; iBr 3, 2 resting on 1 ; illBr 1 ; tegmen elevated in a central 
anal tube, and composed of 4 circlets of large plates, variously shaped 
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and bearing prooesaea When stripped of arms and processes, the theca 
resembles a sherry-decanter with a kick at the bottom. At the junction 
of cup and tegmen are the 10 pairs of ambulacral openings for food-grooyes 
and associated vessels, which pass beneath the tegmen to a central 
mouth suspended beneath the neck of the decanter. From this a gut 
winds dextrally down, around, then up, and out at the mouth of the 
decanter. The processes borne by the tegmen are vertical ]>artitions 
rising from the fixed iBr and illBr to varying heights, while smaller 
partitions are between the IIIBr series. Genera — Co^tmniu, d'Orb. 
(1849), Silurian, Europe and N. America (Fig. LXXVIL, see Angelin, 
1878, W. & Sp., 1897). The cup is built on almost the same plan as 
that of CUmocrinvA^ the difference lying in the vertical fission of the 2nd 
iBr. The partitions do not rise very high between the arm-branches ; 
on the other hand, large spinous processes are frequently given off from 
plates of both cup and tegmen, while the upper circlet of the anal 
tube is often extended in 4 quadrant-shaped horizontal extensions 
(Oryptodiscusy Hair; see Weller, 1898). Eticalyptocrintu, Goldfuss (1826 ; 
syn. Hypanthocrimuy Phillips), Silurian of Europe, N. America, and 
(?) Victoria, Devonian of Eifel (see Angelin, 1878, and W. & Sp., 1897) ; 
differs from Callicrinus in the great development of the vertical partitions, 
which fonn compartments in which the arms rest right up to their tips, 
so that the closed crown is almost egg-shaped, especially as it has not the 
obtrusive ornament of Callicrinus. Angelin has ^gured laminae of 
stereom within the theca ; these served to support the subtegminal 
food-grooves and mouth, and are pierced by the gut ; they are not 
hydrospires. This family was richer in species than any other of the 
Silurian ; while the main structure was fixed, the ornament varied 
greatly. Family 6. Dolatocrinidae. Melocrinoidea with large base, 
flattened or concave, 3 BB, nearly always fused ; in each half-ray, 1-4 
I IBr, and sometimes IIIBr and IVBr ; free arms biserial, and may fork ; 
'Br, 3 or more ranges ; ill Br usually present, merging with illAmb; an 
additional iBr exceptionally present in post. IR ; tegmen, when known, 
solid, with large plates ; stem round and large. All Devonian of K. 
America. Genera — DoUitocrtnus, Lyon (1857 ; W. & Sp., 1897 ; syn. 
CacahocriniLS, Hall), has 2 IBr, a stout almost central anal tube, respiratory 
(?) slits in interbrachial areas at junction of cup with tegmen (Fig. XLV. 1), 
and plates usually with axial folds. Stereocrimis^ Barris (1878, W. & 
Sp., 1897), has 1 IBr, and BB unfused. Hadrocrinus, Lyon (1869 ; 
W. & Sp., 1897 ; syn. [?] Cormwcrinus, Hall), has 1 IBr and laige iBr 
variable in number and arrangement ; very Isrge, and imperfectly known. 
The tingle primibrachs of Stereocrinns and Hadrocrinus probably represent 
the two IBr of DolcUocnnu$ fused (cf. AUoprosallocrinui). 

Sub-Order 2. B&tocrinoidea. RR in lateral contact except in post IR. 
Piroximal anal heptagonaL IBr| quadrangular, except in Periechocrinidae. 

Family 1. Tanaocrimidab. Batocrinoidea with 6 BB ; the proximal 
IIBr fixed, but outwardly resemble free brachials ; arms fork still further, 
brachials wedge-shaped ; iBr and illBr numerous, irregular, occupying 
depressed areas connected with tegmen, which was probably flexible and 
composed of small plates ; in post IR is a vertical ridge of anals ; 
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stem relatively large and ^ub-pentagonal. G^enus — TaruuxrvMu^ W. & 
Sp. (1897), Ordovician, Ohio (Fig. LXXVIII. 1, 2). In atructure and in 
time this genus is well fitted to be taken as an ancestor of the Carpo- 
crinidae. Family 2. Xenocrinidab. Batocrinoidea with 4 BB ; each 
half-ray contains IIBr, and sometimes IIIBr ; free arms in zigzag or 
biserial. iBr and illBr, also illlBr when present, numerous. Post IR 
wider than the others, divided by a longitudinal row of ridged anals. 
Tegmen of minute irregular plates. Stem quadrangular to circular in 
section, with pentagonal lumen. Genera — XcMicrinxu^ S. A. Miller 



Fiu. LXXVIU. 

TuBSocriiiidM and Xenocrinidae. 1, Tattocrimts tvp^, posterior view, x 2 dUuii. 2, anterior 
view, X 2 diam. 8, X%nocrUKx\*^ analyMfH of cup. 4, Coni/Mocriniu harrisi^ cup fhmi poeterior, 
diagnunmatic, x 2 diam. (All adapted ftrom W. a Sp.) 

(1881 ; W. & Sp., 1897 ; Fig. LXXVIII. 3) ; iBr sink between RR> so 
as almost to rest on BB ; IIBr are finials. CWpsomniM, S. A. Miller 
(1883 ; W. & Sp., 1897 ; Fig. LXXVIII. 4X has RR in contact except 
on anal side ; IIIBr sometimes fixed ; iBr stouter than in XenaerinMA, 
Both Ordovician, Ohio. AhoMcrinvi^ Angelin (1878 ; syn. ? GaroZicrtniM, 
Waag. & Jahn), Silurian, Gotland and (?) Bohemia, is more highly developed. 
Between it and Compsocrintu we must imagine a form in which the free 
Br became biserial, while the free rami forked several times. In Abaeo- 
crinus the proximal biserial brachials (IIIBr) with their pinnules are in- 
corporated in the dorsal cup ; the stem has changed from sub-quadrangular 



Digitized by VjOOQIC 



i66 THE CRINOIDEA 



to circular, but the columnals still alternate in size. From the imagined 
intermediate form (not from Ahacocrinui \t^\l)Ptriechoennu$ maj have been 
derived by fusion of 2 BB. Family 3. Carpocrinidae. Batocrinoidea 
with 3 BB (1 fused in Macarocrimti) ; RR rather large ; each half-raj 
contains 1-3 IIBr usually passing into the free arms, which are usually 
2, occasionally 3, to each ray ; IBr 2-5, in contact with lAmb ; illBr 
may be present in limited and definite number ; tegmen of numerous 
small plates, with a few larger ones ; in post. IR a vertical row of anals ; 
stem large and round, usually with small pentagonal lumen. Genera — 
AcaeocfVMi^ W. & Sp. (1897), Silurian, Indiana, has 2 arms to each 
ray ; brachials wedge-ehaped, each bearing one pinnule. Dttmidoennug^ 
Angelin (1878), Silurian, Europe; in each ray one of the rami forks 
again almost immediately. Afocarocnnta, Jaekel (1895), Lower Devonian, 



1 2 

Fio. LXXIX. 

Amu of CarpoeiinidM. 1, Fio. LXXX. 

MmwroerinH$ Springeri (after BarrondcocrinMf frrjttruwi, 1, reconstrnetioii 

jMkfl). 2, Carjwrritmt riyu- of the crown, with tliree of the nuni remoTed 

jilez (bftiied on Brit. Uxw. 5ftM (after O. LiUevall in W. & S\u). Nat aise. 2, 

& 57860). diagivm of tlie calyx. lettering aa luual. 

Eifel, differs in greater length of Br, in fusion of BB, and presence 
of one nir instead of two (Fig. LXXIX. 1). Carpocrinus, J. Miiller 
(1841 ; synn. Phoenicocrinu*^ Austin ; Abraerinuif d'Orb. ; Hairoennuty 
Pianocrinut, and [?] Leptoerinus, Angelin, 1878. See W. & Sp., 1881), 
Silurian, Europe ; derived from Desmidocrinus by fusion of fbee Br to 
form uniserial ossicles each supporting 2 or more pinnules, and by atrophy 
of the unpaired ramus, which resembles a laige proxiinal pinnule (Fig. 
LXXIX. 2). Familt 4. Barrandkocrinidae. Batocri noidea with 
3 BB ; RR irregularly shaped ; each half-ray containing 1 IIBr, which 
supports a free arm, biserial, and recumbent over dorsal cup ; iBr, 3, in 
contact with iAmb ; tegmen solid with large sub-spinous O, alternating 
with 5 radial dome-plates ; stem large and round. . Genus — Barrandeo- 
ertnus, Angelin (1878 ; syn. [?] Oylieoennui^ S. A. Miller rum Mtlller ; see 
W. & Sp., 1897), Silurian, Gotland and (1)N. America (Fig. LXXX.). 
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The chief feature it the fixed recumbency of the armi, as in some Hexar 
ciinidae and Aencnwu*; but differing from those fonuB in that the 
pinnules were very dose-set^ and folded in two rolls over the ventral 
grooYe when dosed. Except for this and the consequenilj more solid 
tegmen, the genus is not far remoyed from the Garpocrinidae. Ant R is 
hexagonal ; r. and L ant RR heptagonal ; r. and L post RR pentagonal 

FuoLT 6, C o»LOOBiHiDA«. BatocHnoidea with 3 BB ; in each half* 
raj, 1 or 2 UBr ; free arms separated by 3 or more iBr in contact with 
iijnb, 2-4 biserial rami to each ray ; a row of anals in post IR^ sup- 
porting no tube ; but anus opening marginally from a slight prominence ; 
tegmen solid, with large O, esp. post O ; no respiratory pores known. 
Genera — Oo^Utcnmnu^ Meek k Worth. (1865-66 ; synn. £^Aa€roenniM, M. 
ft W. no9» Roem. ; AvncrvMu^ W. ft Sp., 1897), Devonian and Carboni- 
ferous, N. America, and (?) Devonian, Europe (Fig. LXXXL). 2 or 4 
rami to each ray, each with independent opening into the theca ; cup extend- 
ing below arm-bases. DoryenniM, C. F. Roemer (1854, W. ft Sp^ 1897X 
CSarbomiferous, N. America ; derived frt>m (Utdocrinut with convex base ; 
rami paired, 2 to a single opening ; radial dome-plates of tegmen bear 
laige spines. il^oncocnniM, Hall ex Troost (1858 ; W. ft Sp^ 1897X 
Oarboidferous, N. America ; derived from Coelocrinus with concave base, 
that feature being greatly exaggerated so that 
the cup does not project below the arm-bases ; 
rami 2-4 in each ray, each with independent 
opening. Family 6. Batocrinibae. Bato- 
erinoidea with 3 BB ; each half-ray contains 
1-6 IIBr, also III Br, 1-5, always in adanal 
series, and sometimes in the rest, but rarely in 
anterior series ; free arms with 1 -4 biserial 
rami in each ray ; iBr, 1-15, usually uncon- 
nected with iAmb, except in post IR, and 
sometimes separated from them by the brachials _ . „_„. 

there also; plates m posterior IR 2-19, per- coeiocHnn, immainm.. from 
haps more ; anal tube long, usually stout, and Brit Mnt. bitts. x x. 
eantral ; tegmen solid, with O and radial dome- 
plates usually prominent, post O always pronounced ; 10-20 respiratory 
pores dMuradtaJstic (Fig. XLV. 2), but doubtful in Dizygocrinus and very 
doubtful ia Syferocrinus ; stem round, usually stout, with small pent- 
a^oaal Inmoi. The family is confined to the Lower Carboniferous 
rooks ef central N. America, where it flourished exuberantly along 
wiih the parallel family Coelocrinidae. Batoerinui came first (Kinder- 
hook) and went last (St Louis) ; the rest are confined to Burlington 
and Keokuk Groups. Qenera — Batocrinus, Gasseday (1854 ; em. W. 
ft Sp., IS91\ has 1-3 iBr separated from iAmb by IIIBr ; 18-26 
short arm-rami set regularly round periphery (Fig. LXXXI I.). Erebmo- 
erinui, Lyon ft Gasseday (1859; W. ft Sp., 1897), like Batocrinui^ 
bat has 12-26 long paddle-shaped arm-rami, and eccentric anal tube. 
AUoprmtlUcnnut, Ly. ft. Gass. (1860, W. ft Sp., 1897), constructed Uke 
B rt o c r u tMi, but converges in outward shape towards Agaricoerwui. 
M^tbroe kt crim u^ W. ft Sp. (1897), 18-40 short rami, set regularly around 
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periphery like spokes of a wheel ; iBr luaj or may not join iAmb ; 
illBr often present Dizygocrinus, W. & Sp. (1897X ^^^ EtUroeiuh 
mntu, but with rounded calyx, more variable in composition, anal tube 
and stem rather slender. Hyperocrinui, Meek & Worthen (1866, as 
Uperacrimu; syn. Lobocrinuiy W. & Sp., 1897); 18-28 free rami, arranged 
in arm-groups, separated by iBr which join iAmb ; illBr sometimes 
present ; lofty tegmen ; respiratory pores unknown. ^ocrocrtniM, W. 
& Sp. (1897) ; 12-16 rami, in groups, but not separated by iBr 
except in post IR ; anal tube tapering ; stem slender ; tegmen comi- 
cal or hemispherical ; respiratory pores, 10. The study of the relations 
between these genera is a fertile and unappropriated field. 

Familt 7. Perikchoorinidac Batocnnoidea with 3 BB; IBr, 
hexagonal ; each half-ray contains 1-5 IIBr, and sometimes 2-6 IIIBr ; 
free arm -rami biserial, usually branching ; iBr numerous and merging 



Fio. LXXXII. 

BatocrimiM, 1, B. ifogidfictylti^, calyx fh)in tlie Ride (after Cameday, nat size). 8, cup 
Keen from aboral side, fjroiii Brit. Mus. K5056. Supplementary pluteii shaded, x }. 

into iAmb ; post IR wide, with plates in successive rows of 1,3, 4-6, etc ; 
tegmen of numerous small plates in which O, Anib, and radial dome-plates 
are sometimes to be distinguished, especially post O ; anus without tube, 
from sub-central to marginal ; stem large, round, with wide lumen, round 
or 6-lobed. Members of this family, esp. Genuaeocnniig, are liable to be 
confounded with Actinocrinidae, but diiffer in the presence of 3 plates 
(not 2) in the second row of post IR, in which respect they resemble 
Xenocrinidae, Oarpocrinidae, Coelocrinidae, and Batocrinidae. Qenera — 
Perieehocrintu, Austin (1843 ; synn. Geocnnus^ d'Orbigny ; Saccocrinus^ 
Hall ex Troost ; Pyxidocrinus, J. Miiller, pars ; [1] TrochocrinuSy Portlock 
and [?] Pander ; [?] Pradocrinus, Vemeuil, 1860 ; see W. & Sp., 1897), 
Silurian to Carboniferous, Europe, N. America, Australia ; elongate cup 
of thin long plates, usually with axial folds, and depressed theca in which 
O are not distinguishable ; arms fork and are less advanced than in 
Ahacocrinus (p. 166). Beyrichocrinui^ Waag. & Jahn (1899), Silurian, 
Bohemia, little known. AfegislocrinuSf Owen & Shumard (1862 ; W. & 
Sp., 1897), Devonian and Carboniferous, N. America, (f) Carboniferous, 
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En^^d ; globose cup of heavy tbort plates, ¥rith tegmen from flat to 
conical ; O, radial dome-plates, and Amb usually distinguishable (Fig. 
XLII.) ; free rami grouped in pairs, have covering-plates and side-plates. 
(r0fina«ocrtnu«, W. & Sp. (1881-97), Devonian, N. America ; low cup of 
thin plates with axial folds ; theca rather depressed and lobed in arm 
regions ; O small but visible, as also are Amb ; rami, 8 to a ray, branch 
from alternate sides of arms ; in form like the Actinocrinid Flv^iAocrinut, 

Sub-Order 3. Actinoerinoideft. RR in lateral contact except in 
poet IR ; proximal anal hexagonal ; IBr^ usually hexagonal ; BB 3 
equal, forming a hexagon. 

Family 1. Actinocrinidae. Cap conical or bowl-shaped, with orna- 
ment of axial folds; only 1 1 1 Br, which is axillary; free arm-rami branch 
on alternate sides of the half-rays, starting either from lax or I lax ; all 
free portions of arms are biserial ; proximal pinnulars bear hooks ; iBr 
numerous, primitively merge into iAmb, but become separated therefrom 




Fio. LXXXIll. 

JctinocriHiu. 1, analyuA of part of cup, showing pont ami r. poet. int«iTadii. 2, cnp ftt>m 
below ; the mipplementary platen shaded. 

by development and lateral contact of fixed brachials ; post. IR wide, 
with proximal anal followed by 2 plates in second row ; tegmen 
solid ; not prominent, but usually distinguishable ; iAmb may cover 
the terminal Amb ; anus either on a tube or piercing tegmen, either 
central or eccentric ; stem round, with small 5 -lobed lumen. The 
family is confined to the Lower Carboniferous, and flourished chiefly 
in N. America. Actinocriniut, with its descendant Steganocrinus^ and 
CadocnntLSy with its descendant Teleiocrintis, form a group characterised by 
a long anal tube. In Physetocrintts and its descendant Strotocnnus the anus 
pierces the tegmen directly. For complete account of the family and 
revision of genera see W. & Sp., 1 897. Genera — Actinocrimts^ Miller (1821; 
synn. Amphora, CumK ; Blairocrinns, S. A. Miller; Fig. LXXXIII.) ; cup- 
plates with axial folds and parallel ridges ; theca lobed at arm-regions, the 
numerous iBr being depressed, while the higher orders of Br with their 
Amb form 5 broad rays, sometimes including some iBr ; these rays fork and 
give off free rami to alternate sides every second or third plate, first on outer 
side from Ilax, then on inner side from IIIax,and80 on ; the rami may branch 
again ; pinnules long, the proximal pinnulars armed with a small hook pro- 
jecting from the middle ; tegmen solid, rising centrally into a stout tube with 
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anua at diBtal end ; O imall and eeeentric ; Amb yiaible in tegoMn, < 
as two rows of large covering-plates which pass oat from between O aad 
follow the branching of the food-grooves, or as large single plates (lAmb 
and IIAmb), succeeded by snuil covering-plates^ which pass on to the free 
arms. BUqa,%ocnMMy Meek & Worthen (1866), diifers from Adimomwtm 
in the extension of each ray into 1 or 8 rigid tubular rami, £ram 
which biserial ramuli are given off alternately on opposite side% either 
from every ossicle or from every other ; oovering-plates consist of side- 
pieces and spinous Amb. OodocriiMM (W. & Sp^, 1897) diflbci from 
AtiinocrvMU in having the arm-rami given off in a contmnoos row 
around the theca, the brachials meeting laterally, so that ifir aM not in 
contact with iAmb (e/. JFiOrocAomiiiiM) ; bifurcation takes place on each 
successive plate, ijt, all Br, except the ftnials, are axillary ; all pinnukn, 
except the extreme distal ones, bear hooks which imbricate over the adjacent 
pinnules (c/. structure of a feather) ; covering-plates oooaist of side-pieces 
and Amb ; Br and tegminal plates spinous (of. Fig. XLIY.). TsMoctwiim, W. 
& Sp. (1881 ; syn. CcUotAocrtfiio, Hall, pa/rtt wm v. Meyer) ; a modified 
CcudocrvMM in which the arms have become so nnmerous and crowded 
that they are pushed outward, while their bases have become united 
and extended as a broad rim at the top of the tiieca ; between the Amb 
and iAmb forming the roof of this rim, and the Br forming its floor, are 
developed processes of stereom serving as girders ; the ambulacra with 
their ambulacrals are moetly depressed below the tegmen and covered by 
iAmb ; a respiratory pore is at the side of each ambulacral opening into 
the theca. PAytetomfiM, Meek k Worthen (1869), differs from Admih 
orinia in the absence of an anal tube, and in bifurcation of arms on each 
successive Br, as in GbetommM. £i^otocnnu«, Meek & Worthen (1866), 
often confounded with TeZeiocmiiw, towards which it is convergent, bears 
to Fhf^utoeniMu precisely the same relation as TdtiocrinyiM bears to Ciuio- 
erinitf. Sampgonocrinus^ MilL & Qurl. (1895), Carboniferous, Missouri, 
has r. and L post iBr truncating BB, and only 1 IBr in r. and 1. ant radii ; 
the unique specimen is best regarded as an abnormal Actinocrinus. Com- 
pare Phillipsacrin'Uif M'Coy (1844 or 1862), Carboniferous, Ireland, in 
which also some iBr truncate BB ; but since BB are here 4, this may 
be a more direct descendant of Xenocrinidae, perhaps by way of the 
Silurian Laubeocrinus, Waagen & Jahn (1899), which seems a link 
between early Batocrinoidea and Actinocrinoidea. Family 2. Amphoeat 
ORINIDAB. Actinocrinoidea with cup depressed and tegmen much elevated, 
accompanied by downward projection of proximal regions of arm-rays ; 
cup -plates with granulo- vermicular ornament; iBr few; in other 
respects like Actinocrinidae. Qenus — AmphoracrinWy Austin (1848), 
Carboniferous, Europe and N. America ; arms free from lax or IIBrj ; 
anal tube short and eccentric. Two American species occasionally have 
3 plates (instead of 2) succeeding the proximal anal, but the middle of 
these Ib small and wedge-shaped, barely touching the anal ; this may be 
a plate of the ensuing row pressed down, or it may represent the middle 
plate in Batocrinoidea. 
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Sub-Class 2. Dicycuca, Bather (1899). 

Crinoidea in which the base consiiU of BB and IBB, the latter being 
liable to atrophy or foaion with the proximale, but the aboral prolonga- 
tions of the chambered organ are always radial ; new colnmnals may or 
may not be introduced at the proximal end of the stem. 

Ordir 1. Dicyeliea Tnadnnata 

( s Inadunata, W. & Sp. jpaT9^ tmend,), 

Dicydica in which the dorsal cup primitiyely is confined to the patina 
and occasional intercalated anals, and no other plates ever occur between 
RR (Qrade : Distincta) ; Br may be incorporated in the cup, with or 
without iBr, but never rigidly, and their corresponding Amb remain 
supra-tegminal (Qrade : Articulata) ; new columnals are introduced at 
the extreme proximal end of the stem. 

This order, so faur as its Palaeozoic genera are concerned, corresponds 
roughly to the Inadunata Fistulata of Wachsmuth & Springer, and 
entirely to the Inadunata Dicyclica of Bather with an error or two 
corrected ; but it includes also some of Miiller's Articulata and some of 
Wachsmuth & Springer's Larviformio. The latter authors have them- 
selves proved the connection of the Encrinidae and Pentacrinidae with 
their Fistulata. The distribution of the 70 genera into families would 
present no great difficulty, were a purely morphological classification our 
aim. One might use, as has been done, such characters as the presence 
or absence of pinnules, of an anal tube, of a radianal, of articulation 
between cup-plates, or of simply bifurcate as contrasted with dichotomous 
anns. But there is every gradation in the development of these characters, 
pinnulate forms being derived from non-pinnulate, the radianal gradually 
disappearing, articulation of plates, developed as need arose, and so on. 
Hence the great division into Cyathocrinidae and Poteriocrinidae (W. k 
Sp., 1886 ; Zittel, 1895) cannot meet the needs of the phylogenist An 
attempt to sketch the actual race-history (Bather, 1890) resulted in the 
recognition of a distinction between Dendrocrinus and its allies, with their 
broad radial facets and thin tegmen on the one hand, and O^ot^omntu 
and its allies, with narrower facets and more solid tegmen on the other, 
while the pinnulate forms were all derived from the Dcndrocrinidae. 
This distinction, subsequently strengthened (Bather, 1893), has been 
made much of by Jaekel (1895), who divides all his Fistulata into 
Cyathocrinacea, Dendrocrinacea, and Poteriocrinacea, the last group being 
derived from the Dendrocrinacea, and giving rise tu the Articulata 
(Jaekel). It is therefore but a slight step to establish two sub-orders, 
Dendrocrinoidea and Cyathocrinoidea. Of these the latter were the first 
to be specialised and the first to disappear. The Dendrocrinoidea moved 
more slowly and went further — even to our own day — undergoing modi- 
fication in the development of the anal tube, in the pinnulation of the 
arms, and in the relation of arms to cup. Moreover, from them branched 
off the order Flexibilia, probably on more than one occasion. 
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Fio. LXXXIV. 
AnalyMis of cup of Canxbocrinvo'. 



Sub-Order 1. Oyathocrinoidea. Dicydica Inadunata, wiUi a fairly 
•tout tegmen, in which 6 orab (A, sulMimbalacrals, interradials, con- 
solidating apparatus, of authors) are usually conspicuous, helping to 
stiffen the tegmen, supporting the ambulacra on their adjacent edges, and 
enclosing but not covering the peristome ; post frequently a madre- 
porite ; radial facet usually narrow ; arms distinct from dorsal cup, un- 
branched or dichotomous ; none attain the pinnulate stage, but the 
presence of pinnules would not in itself remove a genus from the sub-order. 
Family 1. Carabocrinidae. Cyathocrinoidea with one or more 
large anals in line with RR ; RA supporting these, and resting on a 
supplemental plate intercalated between post B and r. post B and rest- 
ing on IBR Anus, surrounded by a few small plates, pierces tegmen 
between x and post O. Strong stereom- folds pass across the radio- 
oral sutures. Post pierced by hydro- 
pore (a madreporite). Arms stout and short. 
Genera — (kLTahocrinv^ Billings (1856,-59) ; 
;S'(ropAomniM, Sardeson (1899), both Ordo- 
vician, N. America (Fig. LXXXIV.). The 
radio -oral folds are probably vestigial 
hydrospires (cf. Hybocrintu). The inter- 
radial tegminal plates are admittedly homologous with orals, and ambu- 
lacrals rest on their apposed edges (as in Fig. V. 2 ; see also p. 126X 
Family 2. Palabocrinidae. Cyathocrinoidea with anal x in line with 
RR ; RA smaller and rhomboidal, abutting on x and not separating 
r. post R8 from r. post B ; anal tube slightly developed ; 5 surround a 
pentagonal peristome ; post O a madreporite ; arms narrow, rising from 
well-defined facets axial canal not separate from ventral groove, but passes 
into thecal cavity through a large opening between R and adjacent 
O. Qenera — Palaeocriivus^ Billings (1859), Ordovician, Canada (Fig. 
LXXXV). ; usually regarded as a synonym of DefidrocrinuSy to which it 
is closely allied ; but it differs in shape of RA, the defined radial facet, 
the anal tube composed 

" =S3 



of but 4 or 5 vertical 
rows of plates, and above 
all, the solid orals sup- 
porting ambulacrals, — 
differentiae which place 
it in this sub -order. 
Stem shows 5 radial 
sutures ; cup - plates 
usually folded ; arms 
isotomous to IVBr. 
Porocrinuif Billings (1856-59; see J. Grant, 1881, and Beyrich), 
Ordovician, Canada and Russia (Fig. LXXXVL); arms unbranched. 
Deep folds lie at the angles of all thecal plates, directed towards the 
angle, and not passing at right angles across the middle of the sutures, 
thus differing from hydrospires of Eublastoidea and from pectinirhombe ; 
Beyrich imagined them to be separated by suture from the rest of the 
plate, and Grant described a membrane [? a film of epistereom] covering 




V v 

Fio. LXXXV. 

Analysis of cap of PdUuocriniuSt ■liowins the axial 
folds of the plates. BT radiaual. 
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them. Bad^rocrinuM^ Schnur in Steininger (1849), Devonian, Eifel ; usu- 
ally made a synonym of HomocrinuSj but separated by Zittel (1879), Bather 
(1893), and Jaekel (1895) ; differs from PcUaeocrinus only in the occa- 
sionally wider radial facet and rather more de- 
veloped anal tube, in which points it approaches 
HorruKrinus. Family 3. Euspirocrinidae. 
Cyathocrinoidea with anal x hexagonal or 
heptagonal, resting on post. B, but rising 
above level of RR; with RA pentagonal, 
resting on post and r. post BB, supporting 
X on one side, r. post "Ra on the other, and 
a plate of the anal tube {rt) sunk into the 
cup between them ; anus at end of a massive 
anal tube ; post O a madreporite ; arms 
dichotomous, axial canal not separate from ven- 
tral groove. Genera — EuiptrocrinuSy Angelin 
(1878; see Bather, 1893), Ordovician of 
Canada, Silurian of Gotland (Figs. LXXXVII. 
and XXXVIII.). The usual text-book figure 
of E. ffpiralU is reversed. ClotAerocrinus, Hall 
(1852), and Ampheristocnntu, Hall (1882), 
both Silurian, N. America ; 3 IBB ; imper- 
fectly known (Fig. LXXXVIIL). The anal ) .^ 
area of the family resembles that of the 
advanced Dendrocrinoidea. Family 4. Sphae- 
ROCRiNiDAB. Cyathocrinoidea, with 3 anal FiQ- Lxxxvi. 

pktes as in Etispirocnnus, but differing in PorocHntw Smitfci. i, partmi 
*,_... . 1 \ . . reconstruction, seen from right 

that RA IS comparatively large, x not rising posterior radiua, the arm or 
above RR, H smaU and not, or hardly at all, .^Jf '.»„r°.;t S?,vS' 

rising above RR ; post. O a madreporite ; (Based on specimens belonging 
• ^ 1 1 . *^. T) to Dr. G. J. Hinde.) x J 

arms isotomous; axial canal separate m Br dum. 2, optical section acrosH 
and R. GeneT&—Sphaerocrinu8, C. F. Roemer ?. brachial (Br), showing reia- 

y,«-, . -. ^ T»i ,rs^^ i. tions of covering • platen (c.«). 

(1851; for history see Bather, 1892; for x 4 diam. other lettering as 

structure, Jaekel, 1895), Devonian, Germany "®*^*- 
and England ; the anus pierces the tegmen directly through a ring 
of small plates. Parisocrimuf, W. & Sp. (1879), Devonian of Ger- 
many, Carboniferous of England and N. America (Fig. XXVI. 6), has a 
well-developed anal tube of hexagonal plates, which are folded at the edges. 




fe^^o 




C2D O^^O 



Fio. LXXXVIII. 
Analysis of cup of AmpJieristocriwu. 



Pio. LXXXVII. 
Analysis of cup of Mu$pirocrinus sidnUis, 

Family 5. Cyathocrinidae. Cyathocrinoidea, with no anal except x, 
which is in line with RRj and usually supports a large tube ; post O a 
madreporite ; arms isotomous, axial canal separate or not. Genera — 
Oy<Uhoennu8y Miller (1821 ; see Bather, 1892-93, for full revision and 



Digitized by VjOOQIC 



174 



THE CRINOIDEA 



deUilf), Silurian to Carboniferoiu, world-wide. Thii, being the beet 
known genus of the sub-order, demands closer description. The dorsal 
cup (analysed in Fig. LXXXIX. 5) consists of: 6 equal IBB ; 6 large 
BB, all hexagonal except post B, which is truncate above ; 5 shield- 
shaped RR, each with a feuset usually ^ width of plate, the articular 
surface being either smooth and imperforate, or having a slight transverse 
ridge pierced by the axial canal (Fig. LXXXIX. 2); a square anal jb, in 
line with RR and resting on truncate post B. Tegmen consists of 6 O 
resting on the incurved shoulders of RR, and surrounding a pentagonal 



M 




o O^O^O o 



Fio. LXXXIX. 

CyotAoeriiMM. 1, C. fnvltibnuMatuM, seen from pocterior. (Brit. Una. S64S2.) S, nditl 
of C. viJtywxiUitj showing articuUr facet, x 2. 8, Joint-snrflMM of colvimnal of C. adwoMm, 
X 8. 4, Joint-surflftce of a bnchial of same, with coverinff-plates in poaition, x 0. 6, analyaia 
of the cup. a.c, axial canal ; /, ftilcral ridKe ; i, intercauited plate ; j, Joint-^nrfkoe ; {.d and 
Le*. the twp halves of a covering*plate of the left side ; nn, nodals ; r.ci, proximal half of a 
covering-plate of tlie right side ; (, anal tube ; v.g^ ventral groove. (2-6 after Bather.) 

peristome (Fig. XXXIX. 1); post being large, conspicuous, and pierced 
by numerous water -pores, the other O being smaller and often almost 
entirely hidden, partly by ambulacrals resting on the apposed edge of all 
0, partly by small interambulacrals (Fig. XXXIX. 2). The proximal Amb 
meet over the peristome and often grow to a large size, sometimes fusing 
and simulating orals (for which elements they are taken by W. & Sp., 
see Fig. XLIII.)* '^^ cmal tube consists of more or less hexagonal plates^ 
arranged in fSetirly regular longitudinal rows ; it varies greatiy in width, 
length, and width of lumen ; the anus is at its distal end ; the plates may 
be slightly folded, but are not transversely elongate, nor are there pores, 
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Pio. XC. 
Analytit of cup of GiamxriMU, 



or eT«ii the appeanaeei of pores, between them (Fig. XXYI. 6). Arms 
dichotomise 6-7 times, and in each series there are more brachials in the 
admedian branch of the dichotom (Fig. LXXXIX. 1). The covering-plates 
are well developed ; in their simplest form they are conical, in both out- 
line and longitudinal section, regularly alternating, and each reaching 
about f across the ventral surface ; each covering-plate may, however, be 
transvcmely divided, and the parts may come to be arranged in a manner 
too complicated for description here (Fig. LXXXIX 4). Stem round, 
with lumen usually 64obed ; stem and lumen vary in width ; columnals 
low, usually alternating in thickness and height^ the smaller ones being 
those last formed; joint-surfiMe radiately striate (Fig. LXXXIX. 3); no 
longitudinal sutures and no dm. Outoerintu^ Angelin (1878 ; em. Bather, 
1893), Silurian,. Europe and possibly 
America (Fig. XC. ; see also Figs. YIIL, IX., 
and XLL); connected with PcUasocrinui ; 
one or two pairs of IBB usually fuse ; cup- 
plates have dear axial ridges ; distal mar- 
gins of Br usually project ; anal tube com- 
pressed antero-posteriorly, its plates trans- 
versely elongate and folded. Araehnocrinua^ Meek & Worthen (1866), 
Silurian to Devonian, America and Europe ; small cup and heavy arms, 
which, together with anal tube, spread out horizontally from the cup. 
LecyiKoerinuty Miiller (1868, em. Zittel, 1879 = Taxoerintts briaretUy 
Schultze, 1866), Devonian, Eifel ; stem subquadrangular, with one large 
central and 4 smaller peripheral canals (cf. Cupressocrinidae). Family 6. 
PiTALOORiNiDAK. Cyathocriuoidea without x in dorsal cup, and with 



Fio. xci. 

PMaloerinvi. I, partial reoon- 
struetlon of P, fnirdbUU, with one 
ana removed to expoee radial 
fltoet, and other arms devoid of 
covering-platea ; the root is im- 
aginary, x 2 diain. 9, section 
acrosji four grooves of an ann-fan. 
Mliowing traces of the original 
sutures (9) between tliem, covering- 
plates (cp) closed and open, also 
stages in the separation of the 
axial canal (a.e) from the ventral 
groove (v.g), compare Fig. VIII., 
X 5 diam. 8, articular ikoet of 
arm-flin of P. visbyoetuiM.- m, 
moscle- fossa; 2, dorsal ligament- 
fossa: r, Ailcral ridge, x f 4, 
dorsal view of cup and proximal 
regions of arms of P. mirabilU; 
Br, arm-fkn ; St, proximal ooluni- 
nal; other letten as usual, x 8 
diam. (8 and < are after Bather.) 



fused into solid ann-fiEmB. Genus — PetalocrinuSj Weller (1896), 
SUurian, Gotland and N. America, appears to have been derived &om 
Arachmerintu by lateral fusion of Uie rami of each arm to form a blade 
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or fan articulated to the R by a singU IBr (Fig. XCL, see Bather, 1898). 
Family 7. Crotalocrinidak. Cyathocrinoidea with cup as in (Tyo/Ao- 
crinut; anal tube when present constructed like that of Oiuoermui; 
tegmen almost entirely composed of Amb, some of which are much 
modified ; the orals seem to have been covered by these and to have 
atrophied, except post O, which remains as a conspicuous plate, ap- 
parently madreporic (Fig. XCII. 3) ; the entry of Amb into the tegmen is 
connected with the shortening up of proximal portions of arms, so that 
IBr, IIBr, II IBr, and sometimes IVBr, all partially rest on R, and are 
firmly united by suture with it (Fig. XCII. 1). Arms repeatedly iso- 
tomous ; axial canal distinct, except sometimes in extreme distal region. 





Fhj. XCII. 

CroUlociiiiiilae. 1 and 2, EiuUloenntts script us (after Waclisiii. A Spr.). 1, po!itf>rior Tiew 
of cup and ann-baaes. 2, enlarged view or more diMtal portions of anuN ; a from Hide, b from 
back, Hbowiup cornice-like projectionji. 3, tegmen of ( 'nttalocrinHs pulcher, ftx)ni a upticinien at 
Stockholm. The arm-branoheH are luiiUHl by the lateral prooesseH of the brachialH, the apaceei 
betv^een being represented in Holid black ; the interni<lii (IR), along which adjacent anng unite, 
appear as Ave depreMsed lanceolate areas, in the )K>8terior of which lies the short anal tube(ilj() ; 
the axial canals (a.r) are Heparate from the ventral groov«*H (r.p); the latter are protected by 
covering-plates (c.;*), which become larger towards the centre, and four proximal onew (P) meet 
around the mndreimrite (M), x 2 diani. 

Stem large, round, with wide lumen (Fig. L. 1, 3, 4). All Silurian. 
Genera — Enallocrinusy d'Orbigny (1850), Qotland and England ; arm- 
branches distinct, often with a pronounced cornice at distal margins of Br 
(Fig. XCII. 2), in this as in other respects closely resembling Gissocrinus, 
GrotalocrimiSy Austin (1842 ; syn. Anthocrimu, Miiller, 1853), Qotland, 
England, and N. America ; arm-branches united by lateral processes from 
each Br, so as to form a flexible network, which may be continuous all 
round the crown, or divided into 5 broad arm-fans. The family is referred 
to the Camerata by Wachsmuth and Springer (1888); but the resemblance 
to Marnpocrinus is homoplastic, and the connection with Cyathocrinidae 
scarcely admits of question. The Crotalocrinidae might be called the 
Adunata of the Dicyclica, just as Ptalycrinus and its allies are of the 
Monocyclica. Family 8. Codiagrinidab. Cyathocrinoidea with no anal 
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plates in dorsal cup ; with dichotomous arms relatively slightly developed. 
Genera — Codiacrinus, Schultze (1867 ; FoUmann, 1887), Devonian, Ger- 
many (Fig. XCIII.). LecythiocriiniSf White, ^ 
( 1 880), Coal Measures of Illinois and Kansas. OOC^OCOCCJCC? 
Both genera little known ; Codiacrinus is (nf\]\]\^^ 
compared by Schultze with MyrtillocrinitSy kJ ^=y^ ^^ CZ3 ^v^ 
by W. & Sp. with Achradocrimis, Family 9. 
Cdpressocuinidae. Cyathocrinoidea with 

no anal plates in dorsal cup ; anus piercing scAuSSr'^ sLr^ition i^^^^^^ 
tegmen ; arms unhranched (or [?] forking few 

times) ; stem square in section, with an axial and 4 peripheral canals (cf. 
Leqfthocnnus, p. 176). Genera — CupressocrinuSf Goldfuss (1826 ; synn. 
HoUocrtnus & Cypelloa-inus of Steininger ; see W. & Sp., 1886, and 
Neumayr, 1889), Devonian, Germany and England (Fig. XCIV.jL A 
massive form with basin-shaped cup ; IBB fused (by some held to be a 
proximale. Fig. XCIV. 3); a stout arm, composed of a few lar«^'e Br in 
single series, rests on a facet the full width of each R ; large ambulacrals 
cover the arm-grooves and are taken for pinnules by Zittel ; the solidity of 
the close-fitting arms renders a plated tegmen unnecessary, but the 5 orals 



Fio. xciv. 

Cupressoerinus (after L. 
Schultze). All two- thirds nat. 
size. 1, C. in flatus, cuuiplete 
crown. J, C. abbnviatus, ventral 
surface of calyx, slit^litly modi- 
fled ; show8 " coiiHolidating ap- 
paratus" of Hve ])late8 (AX here 
regarded as omls, between which 
are the ])as8age!( (v.g) for organs 
of the ventral gnxjve other than 
the food-groove ; a.c, axial canal 
of radial ; As, passage for rectum. 
8, infra iMLsal circlet of same, ^m 
below, showing sntural surfaces 
(s) for basals, axial canal, and 
peripheral canals ip.c). 



characteristic of Cyathocrinoidea are retained as a frame (" consolidating 
apparatus" of authors) around the ventral surface of the cup, post. 
being larger than the others and pierced for the rectum (Fig. XCIV. 2). 
Myrtillocriniu, Sandberger (1855, syn. Anqfrocrintu^ Hall, see p. 134, 
Fig. LI.), Devonian, Germany, and N. America ; may have closer affinities 
with Gasterocomidae. Family 10. Gasterocomidae. Cyathocrinoidea with 
anus in side of cup, at a level varying with the genus, either above or 
below X, which is always within limits of cup. Arms apparently small, 
borne on a narrow horseshoe-shaped facet, with distinct axial canaL O 
for most part covered by Amb, post a large madreporite. IBB small, 
often fused into 3 plates or 1. Stem usually of Cupressocrinid type. 
QeaeT&'—Qasterocoma, Goldfuss (1839, W. & Sp., 1886 ; Jaekel, 1895 ; 
synn. Epactocrinus and Ceramocrinus, J. Miiller, 1855), Devonian, Ger- 
many ; anus below x, which is in line with RR ; IBB fused into one. 
Nanocrinus, J. Miiller (1856, Schultze, 1867), Devonian, Eifel ; like 

12 
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Aiutlyait of cup of AekrodoeHnMM 
V€idro$u$, 



OaderoeomOy but ant R small, withoat facet ; r. ant R with 2 faceta. Seolvh 
crinut, Jaekel (1895), Devonian, Eifel ; still more bilateral, in that ant 

and L ant RR are larger than the rest, and 
alone bear arms ; anus below r. post R, 
and X between poet B and r. poet B. 
Aehradoerintii^ Scholtze (1867X Devonian, 
Eifel (Fig. XCV.) ; x below anus, and 
resting on poet B ; IBB 6 ; stem round, 
with single canal HypoerinuSy Beyrich 
(1864), Carboniferous, Timor ; differs from 
Aekradocrinus in having IBB fused to 3 ; referred by most authors to 
Cystidea Aporita. 

Sub-Order 2. DandroerinoidaA. Dicyclica Inadunata with a thin 
flexible tegmen, or with the ventral surface almost entirely occupied by 
a large anal tube or ventral sac (the latter name being needed if the 
extension contained more than the mere rectum) ; orals inconspicuous or 
entirely atrophied in the adult ; no madreporite ; radial facet often wide, 
BO that the distinctness of arms from dorsal cup is not maintained ; arms 
dichotomous, the dichotomy often irregular, leading up to a pinnulate 
stage. 

Whereas the genera of the Cyathocrinoidea all have the arms either 
quite distinct from each other above the level of the patina, or at least 
not united by supplementary plates, the Deudrocrinoidea gradually attain 
a stage of development in which the arms are thus partially united. 
Below this stage we may draw a somewhat arbitrary line, separating the 
foi-mer as a grade, Distincta^ from the latter grade — Articulata. This 
line happens to correspond with the break between Falaeosoio and 
Mesozoic time. We deal first with the Deudrocrinoidea Distincta. 
Family 1. Dbndbogrinidae. Dendroerinoidea with regularly dich- 
otomous, non-pinnulate arms, with anal as, and large RA in its 




HomocHnttM, Flo. XCVI. 7k«Mtrocrifii». 

Dendroorini<lM. Analytat oi enpa. 

primitive position as inferradial (Fig. XCYL); stem quinquepartite. 
Genera — Meroerinui^ Walcott (1883), Ordovician, N. America and England, 
resembles loerinut (p. 145) in all but the presence of IBB ; anal tube>eup- 
ported by the left shoulder of r. post R«. OUatoaerinut^ W. K BiUingp 
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(1887X Ordovician, Canada ; x rests on post B, RA immediately above 
r. post B ; r. post R« is above general level of RR and may be IBr^. These 
two genera suggest that RA of Dicyclica may not be strictly homologous 
with RA of Monocydica. Dtndrocrinusy Hall (18&2X Oi-dovician and 
Silurian, N. America ; large anal sac with folded plates making wide anal 
area in cup (see also Fig. XXVI. 2, 3). Homocrinus, Hall (1852, em. 
Bather, 1893), Silurian and Devonian, K America and Europe ; RA 
rhomboid and smaller. Th^narocrinus^ Bather (1890X Silurian, England ; 
large sac, anal area widened by RA sinking between BB. Family 2. 
BoTRTOORiNiDAB. Dendrocrinoidea with anus bifurcating in two main 
rami with armlets or pinnules ; RA usually small and quadrangular 
or absent This family connects Dendrocrinidae with Decadocrinidae, 
and it is difficult to diagnose it so as to include all of the closely 
related forma Genera — Botryoerinus, Angelin (1878, em. Bather, 1891 ; 
syn. Sicyocrintu^ Ang.), Silurian and Devonian, Gotland, England, Canada ; 
small RA, large anal sac, often coiled ; arms range from irregularly 
dichotomous, through ramuliferous, to pinnulate (Fig. XCVII., see also 
Figa III., XIII., and XXL). GothocrinuSf Bather (1893), Silurian, Gotland, 
has a cup like Zhndracrvnus with ramuliferous arma MeutigocrintUf 
Bather (1892), Silurian, England, has very long, finely dichotomous arms, 







Pio. XCVII. Pio. XCVIII. 

Analysis of cup in IkitrifocrinHs. AiulyHlA of cup in AUUitoeriiiun. 

no RA (for anal sac, see Fig. XLVIIL). Gadrocrinus and Bhadinocrinus, 
Jaekel (1895), Devonian, Germany, are, respectively, like a Botryocrinus 
with cirri in whorls of 6 (Fig. XVII. 1), and a Gothocrinvs with minute 
ramules. Cotmocrintu^ Jaekel (1898)^ Devonian, Germany and N. America, 
has broad cup of Boiryocrinua type, arms pinnulate, and with ramuli on the 
inner side of the two main rami. Fiuocrtnus, Lyon (1867, em. W. & 
Sp., 1879), Devonian to Carboniferous, N. America, scarcely differs from 
J^iiryocnnuB. Barycrinus, Meek & Worthen (1868, em. W. & Sp., 1879), 
Carboniferous, N. America and England, has heavier cup-plates and lai^ge 
stem-lumen. Goniocrinut^ Miller & Gurley (1890), Waverly Group, 
Iowa, has no RA, and has cirri like Gastrocrinus, AteUitccrinut, W. & Sp. 
(1886X Carboniferous, N. America, is diBtinguished by absence of an arm 
from ant R; largo RA supporting rt (Fig. XCVIII.) ; arms ramuliferoua 
StnptoenniUf W. & Sp. (1886 ; redescr. Bather, 1893 ; syn. OphiocrinuSy 
Ang. non Salter)^ has branched arms, coiling inwards, with pinnule-like 
processes arising irregularly from sides of Br ; no BA, anal sac coiled. 
Family 3. Lophocrinidas. Dendrocrinoidea with only 1 ramus to each 
ann, with ramuli springing from the alternate sides of every second Br ; 
with no RA, but x supporting on its shoulders 2 plates of a delicate 
anal sac. Genus — LophocrintLs^ H. v. Meyer (1858 ; redescr. Jaekel, 
1896 ; syn. t CarduocrinuSy v. KoenenX Upper Carboniferous, Germany. 
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A similar evolution of arm-atructure to that seen in BoUyocrinidae 
produced a long series of genera with pinnulate arms, for the most part 
clearly forking into two rami, and rarely branching more than once 
again, but in some genera branching more often. All at first had an 
anal area more complicated than that of Dendrocrinus, in that & fresh 
plate (f-f) was inserted between x and r. post R so as to rest on RA, 
while a corresponding plate {)£) appeared on the left of x. Faiolt 4. 
SCAPHIOCKINIDAE ( = Poteriocrinidoe, Auctt, greatly restricted). Dendio- 
crinoidea with dichotomous, usually much branched, pinnulate, stout arms, 
with facet occupying nearly full width of R ; with 2, RA, ft, and (t, in 
anal area of cup, supporting a large plicated sac (Fig. XCIX.). Carbon- 
iferous of N. America and Europe, a few Devonian. Genera — Seaphio- 
crimu^ Hall (1868, em. W. & Sp., 1886 ; synn. Hydriocrimis, Trautschold ; 
Abrotocrinu8, Mill. & Qurl.), and PoterioerinuSf Miller (1821, em. W. & Sp., 
1881), differ in little but the greater definiteness and les« width of the 
facet in the latter ; each has a long anal sac (Fig. XX VI . 4). Woodocrinus, de 
Koninck (1854 ; synn. PhUocrimis^ de Kon. ; Pachylocrinutf W. & Sp.), has 
shorter cup, arms, and sac In Aulocrinusy W. & Sp. (1897), the sac forks. 
ZeacrinWy Hall (1868, em. W. & Sp., 1886), has a short, stout sac, around 

roteriocriiiuf. Via. XCIX. ZeacHnns, 

ScaphiooriDiilac. AnalyieM of cups. 

which the wide arms fit closely. CoeliocrinuSy White (1863), and Hydrnano- 
erintu, de Kon. (1858), differ from Zeacrinus in having the sac respectively 
balloon-shaped and mushroom-shaped. Bursacrinus, Meek & Worthen 
(1861 ; syn. Synyphocrinus, Trautschold), has arms like Zeaerintu^ but no 
anal except x in the cup ; it is in the latter respect the morphological 
equivalent of Qraplitocnniu (infra). Family 5. ^ytalbcrinidab. Den- 
drocrinoidea with forked, pinnulate, slender arms ; anal structures as in 
ikaphioerinus. Qenera — SeytaUcrinuSy W. & Sp. (1879, syn. DactylocrinuSy 
Sladen non Quenst.^ and Deoadocrinus, W. & Sp. (1879), both Carboniferous, 
differ chiefly in shape of cup, conical in the former, saucer-shaped in the 
latter, which thus leads on to : Family 6. Grapriocrinidab. Dendrocrin> 
oidea with forked pinnulate arms and saucer^shaped cup, concave at base, 
and containing x, but no RA (Fig. C). In many points resemble the earlier 
Encrinidae, but have not such thick cup-plates or large muscle-fosaae. 
Middle and Upper Carboniferous. Genera — Qraphiocrinus, de Koninck 
(1863X AesiocrinuSf Miller & Gurley (1890), Ddoerintu^ Miller & Gurley 
(1890 ; syn. Ctriocrinxu, White non Desor). In this and the succeeding 
families the biserial arrangement of Br first assumes prominence ; it had 
already appeared as an occasional gerontic character at the distal end of 
the rami, but now is found in all except their most proximal portions, 
accompanied by shortening of the arm. Family 7. Cbomyogbinidak. 
Dendrocrinoidea with simple or bifurcating, stout, pinnulate, usually 
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biserial amis ; with cup- bowl- or saucer-fihaped, coiripoeed of stout plates, 
RR having muscle-fossae gradually more pronounced ; with x always, tod 
RA usually, present in cup, RA often supporting rf (Fig. C). There is 
much confusion in the nomenclature of this and allied families, and the 
following names may not be Used in what will ultimately prove the correct 
sense. Genera — Gromyocrinm, Trautschold (1867), and Eupachycrintu^ 
Meek & Worthen (1855, em. W. & Sp., 1886), Middle and Upper Car- 
boniferous, Europe and N. America, are closely allied ; x, RA, and ri in 
anal area. Agassizocrinus, Shumard ex Troost MS. (1853; sy n. Astylocrinugj 
C. F. Roemer), Easkaskia group, N. America, is a Cromyocrinus that loses 
its stem in adult life, while IBB fuse to a solid mass (cf. Edriocrintu, 
p. 191). TribradUocrtnus, MH}oy (1847, redescr. R. Etheridge, fiL, 1892 ; 
syn. Pentadta, Dana, pars), Permo-Carboniferous, Australia, has 1. and r. 




Delocrinus. 



®PoOocp; 



y.iipnchin'rifniit. 




KriaoeriMts, Fia. 0. TrlbrcLchiocrinus. 

AnftlyMs of cups of Graphiocrinidae, Croinyocrinidae, and Bucrinidae. 

pairs of IBB fused ; single arms borne by ant., r. post., and 1. post 
RR ; whether the other RR bore arms is a moot point. PhiaJocrinuSy 
Trautschold (1879, em. R Etheridge, fil., 1892, non Eichwald ; syn. 
PerUadia, Dana, pars), Permo-Carboniferous, Australia, Russia, India ; 
differs from Aesiocrinus and Geriocrinus in little but greater thickness of 
cup-plates, especially RR, and has, as they, only x in cup. Ulocrinus, 
Miller & Gurley (1890), Upper Carboniferous, N. America, has large 
RA, but very small x, which rises partly above level of RR (Fig. XXIX.). 
From these genera we pass almost insensibly to : Family 8. Encrinidae. 
Dendrocrinoidea with forked, pinnulate, biserial arms, saucer-shaped cup, 
with stout plates and well-developed muscle-fossae ; with no anals in cup, 
and with sac diminished or absent (Fig. C). Genera — Ste^nmatocrintu, 
Trautschold (1867), Upper Carboniferous Limestone, Russia, has IBB fused 
into one. Erisocrinus, Meek and Worthen (1865), Lower to Upper Car- 
boniferonsy N. America, has 5 small IBB covered by the stem, and x rests 
oil upper surface of adjacent r. and 1. post RR. Enerinus, C. F. Schulze 
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(1760, syniL dulocrintu and [f| CalathoerintUf v. Meyer, FlaiMoennui, 
Klipstein, [?] Ccunanocrinui^ Laube, [?] Traumatocnnui, Wdhrmaniiy which 
ssPoromntM, Dittmar non BilL), Trias, Europe, haa 6 minute IBB, a 
lofty plated tegmen, small tube, but no distinet anal plate. 

Another line of evolution, probably continuing that of the Qrnphio- 
crinidae, introduces the Articulate Qrade of Dendrocrinoidea, of which 
the most important family and the first to appear is the Famzlt 9. 
Pentacrinidae. Dendrocrinoidea with pinnulate, uniserial arms, forking 
once or dichotomising many times, either regularly, or irregularly so that 
the minor branches become pinnulate ramuli; with a small, usually 
depressed patina, in which IBB are often minute or atrophied in adult 
(peeudomonocyclic, or, as Bigot has recently expressed it, "ciyptodi- 
cyclic **) ; but the flexible tegmen extends some way up the arms, so 
that the proximal IBr, and sometimes some IIBr, are incorporated loosely 
in the dorsal cup ; a slight anal tube or cone, but no distinct anal plates 
in either cup or t^^en; stem pentagonal or sub-pentagonal, usually 
with cirri in whorls of 5. Genera — Uiadocrtniu^ v. Meyer (1847 ; see t. 
Koenen, 1887-95}, Trias, Middle Europe, has a round or sub-pentagoAal 
stem without cirri, pinnulate arms forking once, 2 IBr, which are united 
by several small iBr. Holocrinui, W. & Sp. (1886, em. Jaekel, 1893), 
Trias, Germany, has whorls of cirri, slender arms forking once, 3-4 IBr, 
not united by iBr, but tegmen stretches up to about IBr, cup high and 
constricted above. The family characters become more definite in later 
forms, which may be associated as a Sub-Familt — Psntacrininai ; IBB 
always minute or atrophied ; stem bears cirri in whorls attached to the 
epizygol of a syzygial pair ; its intemodes transversed by 6 ligament- 
bundles, which are interradially disposed and give rise to a more or less 
petaloid figure on the joint-faces \ root-attachment may exist in young, 
but is relinquished in adult (Fig. CI.). Genera — Pentacrtnui^ Blumenbadi 
(1804 ; synn. Polycenu, Fischer, 1811, part; Extraainuty Austin, 1847 ; 
[?] Chladocrinwty L. Agassiz; see especially Quenstedt, 1875), lias and Jura, 
Europe. Petaloid sectors of stem linear with delicately crenulate edges ; 
cirri elliptical or compressed in section, in close-set whorls ; IBB present in 
adult ; RR prolonged downwards over proximal columnala, the prolonga- 
tions being jointed ; each arm has at least 4 rami with large pinnulate 
ramules on one side only, /somniu, v. Meyer (1837 ; synn, IbU, Lin- 
naeus, part ; Cainocrimis^ Forbes ; Pieteticrinut, de Loriol ; Cenocrtntu and 
Neocrinuiy Wyv. Thomson ; and PerUaerinvs, sensu P. H. Carpenter^), 
Trias to Recent^ now chiefly Caribbean and Pacific. Sectors of stem dis- 
tinctly petaloid, witli coarsely crenulate edges ; cirri circular in section, 
the whorls further apart (Figs. XVI. 4, 5 ; XVII. 2, 3) ; IBB are visible 
in various Jurassic species, but become obsolete in later times (cf. Fig. XL) ; 
BB may form a complete circlet (on which feature Cktinocrinui was baaed), 
or may be minute and separated by RR ; IBr 2, non-pinnulate ; aims 
isotomous or nearly so; sacculi occur sparingly. See Guettard (1761), 
J. Milller (1843), P. H. Carpenter (1884), and Fig. XXIIL 3, 5, on p. 117. 
Baianocrinus^ Agass. in Desor (1845 ; em. de I^r. 1879), Trias to Eocene, 

^ Carpenter chose to ignore sll writers on Crinoidea 1)efore J. 8. Miller. For 
the history of these names, see Naiural ScUnee^ April 1898. 
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has columnalt of circular or baaaltiform section, with crenellations round the 
edge only, not along the sides of the sectors A ustinocrinut^ de Loriol (1 869X 
Cretaceous ; columnals have a joint-sur&ce like that of l9ocnnu$^ but with 
finer striae radiating from the petals to the circular periphery. Metacriniu, 
P. H. Carp. (1884), W. Pacific, differs from Isocrinus in having 6-8 IBr, 
of which IBrj ^^ 3 always, and IBr^ m^i « usually, are united by syzygy, 
while each, except IBr^ and the hypozygals, bears a pinnule ; BB form a 
complete circlet The members of this sub-Dsimily live in colonies, but 
can move about and anchor by the cirri at the distal end of the stem. 




Pentaeriniime. 1, PentaerinHt/ouUii, portion of ■tern, patlDft, and portion of am, abowing 
rami, ramnli, and pinnnles (p). 2, the same ; portion of a drroa and articular fkcat of a cirral. 
8. the oorreaponding parts of ItneriHUi tuteria. 4, Mttmerlwrn ifotcltyi, cup and proximal por- 
tion of an arm. 6, Iwerinun pendnlut. eup seen ftom below, with portion of stem, bearing cirri, 
still attached to it, and with proximal brachials. 6, a radlns of the same, ahowing isotoiiix of arm. 
7, Imtcrifim amblj/tcalarit, Joint^nrface of an intemodal coloninal. 8, the name of BalanocrinuM 
sN&tem. 0, thesameof PenfAcriuiM/ofsiiii. 10, the same of Isocrinus atteria, (From Bather, 
after P. H. Carpenter, de Ix>riot, voii Meyer, and original.) 2, 8, 7, 8, 0, and 10 are slightly 
pntaiged. 

The Stem is least specialised in BaianocrinuSj most in Pentacriniu, in 
which it attained a length of 18 feet (Quenstedt thought 70). Family 
10. UiMTACRiNiDAB. Deudrocrinoidea in which the arms fork once on 
IBr^ are long and pinnulate, with numerous syzygies, and are incor- 
porated in their proximal regions, together with proximal pinnules, in 
the dorsal cup, by means of iBr, illBr, and interpinnulars ; there is 
no stem, but a centrale. Genus — Uintacnnuiy Qrinnell (1876), Upper 
Cretaceous, N. America, Germany, and England (Fig. CIII.), has a rela- 
tively large flexible thepa and long arma It was free-swimming and 
possibly pelagic IBB usually obsolete. For detailed account, see Bather 
(1896). Family 11. Marbupitidae. Deudrocrinoidea (7) with pinnulate 
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anus, short in proportion to cup, borne on a sharply defined radial facet, 
and forking on IBr., (furUier branching unknown) ; they are loosely 



1 Fio. cm. 

VinHacrirwa Bo/'inlh^ Upper Cretaceous of America, 8 uat. size. 1, from the side. 2, from 
below, r, ceutrale : Ji, basHls ; H, radialM ; JJii'i, first primibiuch ; Ar, primaxil ; 1, 2, 3, etc., 
Mecun«IibrachH, bearing p, piiumleH, Koiiie of wliieli are included in tlie walls of the cup, viz. 
/,p. ; j(, syzygy. The intercalated plates, which biml these elements together, are shaded. 

united by iBr, but do not merge in the dorsal cup. Cup large, com- 
posed of 5 RR, 5 BB, 5 IBB, and a large centrale, with no trace of a 
stem. QQiixxs—Marsupites, J. S. Miller ex Mantell MS. (1821 ; synn. 



1 Fio. civ. 2 

MantupUw te^mlinarius. 1, tlie cup from thn side, showing the character of the ornament ; 
(fitim lirit. Mus. siieciuien, B20I8), x ji. 2, the radials and proximal region of the arms (fh>m 
Writ. iMns. r>482), nat size. C, contrale ; /, fulcral ridge of mdial facet; p, pinnules; *, 
syzygies. Other luttere as usual. 

Situliirut, Cumberland ; Marsupiocrinus, de Blainville), Upper Cretaceous, 
England and Qennany (Fig. CIV. ; see also Fig. XVII. 4). The relations 
of the genus are not yet cleai*. Family 12. Bathtcrinidae. Dendro- 
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crinoidea (7) in which the arms fork once on IBr^ ; IBr ^ ^^ , and all 
IIBr, except IIBr,,, 0» and 9» &i^ united in pain by trifascial ardenlatbon 
(opttd Carpenter, see Fig. XXIII. 2), which may become sysygial (i^mtf 
DanieUsen) ; only the distal brachial of each pair bears a pinnule, and 
there are no pinnules on the first few pairs ; the arms are loosely incor- 
porated in the cup to half-way up IIBr^ ; lax has large muscle-fossae on 
strong wing-like processes (cf. Fig. XVIII. 6). BB fused in adult to a 
single discoidal ossicle ; RR also become closely united ; IBB obsolete. 

Interambulacral areas of tegmen contain 
scattered small plates, and sometimes each 
has a large plate, which may be an oral. 
Columnals dicebox- shaped and twisted, 
with bifascial articular surfaces ; each 
said by Danielssen to be formed by 
fusion of two columnals ; those in the 
younger, proximal region are thin and 
discoidal. The root branches. Genus — 
J^^ymnia, Wyv. Thomson (1872 ; see 
P. H. Carpenter, 1884, and Danielssen, 
3 1892; syn. //ymniu, Danielssen & Koren, 
1877), North Atlantic and Southern 
Ocean, at 750-1500 fathoms (Fig. CV.X 
Carpenter places this in the Bourgueti- 
crinidae on the grounds of its resem* 
blancc to BkxxocriMu^ while admitting 



Fio. cv. 

pMthycrinua. I, crowii of B. Aldri- 
chianwt iimt. size (after P. H. Oar- 
pen ter). 2, 8, and 4, li. CarptnUri «,_ r^vr 
(after DanielMon). 2, new radials aii<l '^'®- ^* *' 
aniiH on an old base and stem, x 4 TcanaverM taction of the doraal ner\-oiw 

(Hani, 8 and 4, stem fhtgiueiits, nat. •>tt«ui in BathpeHmMi Carptnitri^ diasnun. 

size, pn, pinnules ; rf , root • cirri ; uiatliied troni Danielawn. /it, intarradial cords 

Sti, proximal region of ittem; Ht-j, which paw up between radialn ; JK, radial conU, 

median ditto ; St^ distal ditto. connected by re, the ring-commlssiire. 

that ''the differences between the two genera are much greater than 
their resemblances." If the absence of a proximale have the value 
claimed for it by Wachsmuth & Springer, the two genera must go into 
different orders. The interradial axial nerve-cords correlated with the BB 
fork first within the sutures between RR, and, in Carpenter's opinion, the 
basi-radial strands take the place of a ring-commissure ; but Danielssen 
describes a ring-commissure (see Fig. CVI.). There ^are 3 water-pox«s 
in each IR. The crown separates very easily from the BB and stem, 
and may be replaced by a fresh crown (Fig. CV. 2). Sacculi occur. (See 
also Fig. LIII.) 
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Order 2. FleztbUia, Zittol 
( = Articulata, W. & Sp. wm Muller). 

Dicydica in which proximal Br are incorporated in the dorsal cup, 
either hy their own sides, or by iBr, or by a finely plated akin, but 
herer rigidly ; plates may occur between RR. Tegmen flexible, with 
distinct Amb and numerous small iAmb ; mouth and food-grooves remain 
supra-tegminal and open. The top columnal is a persistent proximale, 
often fusing with IBB, which are frequently atrophied in the adult. 
Arms n(m-pinnu]ate (Qrade Impinnata), or pinnulate (Grade Pinnata), 
but always uniserial. 

As in the case of the Distincta and Articulata among the Dicyclica 
Inadunata, so the line between the grades Pinnata and Impinnata corre- 
sponds roughly with that between Palaeozoic and Mesozoic time. Bat 
in the present order the grades are more self-contained and the gap 
between them greater. In fact, we are by no means certain that they 
are rightly described as mere grades ; in other words, that the Pinnata 
are the lineal descendants of Impinnata. The two divisions may have 
arisen from Inadunata independently, springing from pinnulate and non- 
pinnulate forms respectively. 

Grade 1. Impinnlita. 

Flexibilia, in which all plates of the crown are united by loose 
suture or muscular articulation. IBB 3, the primitive r. post remaining 
as the small unfused IB Br usually united by waving sutures, the lower 
edge of each frequently with a projection that fits into a depression on 
the plate below, and often becomes a separate patelloid plate. Arms 
isotomous, or rami may bear ramules on one or both sides, but no 
pinnules. Ventral groove wide and shallow ; axial canal separated from 
it in proximal region. 5 0, between which food -grooves pass to the 
mouth. Stem round ; proximal columnals very short, and usually wider 
than the others. 

Many of the earlier genera can be distinguished from Dicyclica 
Inadunata only by the greater thickness and more elaborate sutural 
union of their plates, and the greater width and less length of the arms. 
It is the combination of massiveness with flexibility that characterises 
the Grade. There is never an elaborate anal sac. Within the Grade 
Impinnata can be traced the evolution of heterotomons arm-branching of 
two types, also an increase in number of iBr. The genera seem to 
merge into one another, and are as yet too ill-defined to be grouped into 
families on a sure genetic basis. The following arrangement represents 
similarities of structure rather than lines of descent 

Family 1. Ichthtocrinidab. Impinnata with no iBr, with, isotomous 
arms, closely abutting by their sides. Genera — FycnosaccuSy Angelin (1878; 
syn. Oncoerinusy Bather^ Silurian, Gotland, England, and N. America, has a 
cup like that of Borymniw, with x and RA, and with strong axial folds 
(Fig. CVIL) ; anna, though abutting above, are distinct below and do 
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Fio. CVII. 

AnalyniH of cup in P^/enoMMcuc. 
(Afl«r Dathcr.) 



not interlock ; columnals solid, rooniliform, alternating in thickness. 

LtcanocrvMu^ Hall (1852), Silurian and Devonian, N. America and Europe, 

differs only in greater smoothness of 
cup and approximation of arms, 
which may even interlock by the 
alternating edges of the Br. C^ido- 
crimit, Angelin (1878), only known 
from cup, which appears to be like 
that of Lecatiocrinut, but is said to 
have 4 BB. Clidochirut, Ang. (1878), 

Silurian, Gotland ; arms abut, but do not interlock ; no RA, but 3 anals 

in vertical series rest on truncate postB. 3fcffpt/omnu«, de Koninck 

(1853), Lower Carboniferous, Belgium, England, and N. America, differs 

from last-mentioned in having each arm curved — 

over to the right, so that they all fold with a 

sinistral twist (as seen from above) ; IBr^ wedge- 
shaped, broader on left Nipterocrinus^ Wachs- 

muth in Meek & Worthen (1868), Carboniferous, 

N. America, should perhaps come here. Ichthyo- 

crinuSy Conrad (1842), Silurian, N. America and 

Europe, has no anals ; arms abut all round and 

interlock by edges of Br (Fig. CVIII.). Family 2. 

Gazacuinidae. Impinnata (?) with a single large 

iBr in each interradius, the posterior (anal) resting 

on truncate edge of large post B ; arms isotomous ; 

tegmen of 5 O of Cyathocrinoid type, surrounding 

a peristome which is covered by fused proximal 

Amb, and supporting Amb along their edges ; 

food -grooves fork on the tegmen (Fig. CIX.). 

Genus — Gazacrinui^ S. A, Miller (1892 ; syn. 

Idiocrtnus, W. & Sp.), Silurian, N. America, is 

referred to the Camerate Family Dimerocrinidae 

by W. & Sp. (1 897). Its dorsal cup does not differ essentially from that of 

Ajii8ocrinu9 (infra), but the number of IBB is uncertain. The tegmen, 



Fio. CVIII. 

IchthyocTxnus pirifin^it, 
slightly rffltored from BriL 
Mua. 40-214. (NrntAize.) 



1 2 8 

Pio. CIX. 

Gtuacrinui. (Diagrammatised from Wachsmuth L SpringerX x 2 diam. 1, (?. inomatus^ 
tegmen with almoat all ambulacrala ramored. 2, G. ventrteotUM^ dorsal view. 8, same, side 
view, with proximal ambulacrala (F) in position. As. passage for rectom through posterior 
oral ; v.g, ventral grooves passing between edges of orals. Otlier letters as usuaL 

scarcely of either Flexible or Camerate type, suggests recent descent from 
'nadunata. Family 3. Tazocbinidae. Impinnata with iBr, which nsoally 
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are few and have the proximal larger than the rest ; with isotomous 
arms which may abut but do not interlock ; anals form a well-defined 
vertical series. Genera — Gnorimocriiwa, W. & Sp. (1879, em. Bather, 
1899), Silurian, Qotland ; arms distinct, with 0-4 small iBr, and 
sometimes a few illBr; post B reaches up to top of patina, between 
it and r. post. R is a RA, supporting the greater part of x, which bears 
a vertical series of 1 or 2 rows. AnUocrinus Angelin (1878), Silurian, 
Gotland, has abutting but not interlocking arms, a very large proximal 
iBr, with small triangular piece above; x differs from iBr only in 
resting on truncate edge of large post. B ; no RA. Taxocrinus^ Phillips 
in Morris (1843; synn. I$ocT%nu8y Phill. nwi v. Meyer; CladocrimtSy 
Austin non Agass. ; Euryalecrimis, Aust. ; ForbesiocrimiSf de Kon. 7ion W. 
& Sp-X Silurian to Carboniferous, Europe and N. America, has arms 
more distinct, with few or no iBr, and occasional small illBr and illlBr ; 
anals form a vertical series resting on truncated post. B, and seem to 





Fio. ex. 

Diagrams of the arm-branching in Taxocrinidae and Dactylocrinidae. 
1, Taxocrinus tuberciUutu* ; 2, Lithocrinus ; 8, Calpiocrinvs : 4, Dactylo- 
crinua; 5, Synerocrlnus ; 6, Onyehoerintu exteuljittu. These do not form / 

a continuous evolutionary aeriea, but their reUtionship may be indicated / 

thus*— Q^ 



A — 2 — a 

^1 



have supported a small free tube (Figs. CX. 1, and XXXVII.). Ilomalo- 
crinuSy Ang. (1878X Silurian, Gotland, has very small BB, abutting arms, 
large proximal iBr, followed by 1 or 2 in vertical series, occasionally 2 
illBr, anals as iBr but resting on post B ; except for the isotoniy of its 
arms, this genus closely i-esembles Calpiocrimis. Family 4. Dactylo- 
crinidae. Impinnata with iBr either few or numerous ; with hetero- 
tomous arms, the rami bearing ramules; with anals in vertical series. 
Genera — CaljnocrimiSj Anj;. (1878), Silurian, Gotland and England, has 
minute often obsolete IBB, but fairly large BB ; iBr few and variable, 
illBr occasionally present ; anals 3-6, x resting on the small post B ; the 
IIBr rami bear unbranched ramules on their inner sides, the proximal 
ramule much larger than the rest (Fig. CX. 3). Lithocrinus, W. & Sp. 
(1879, emend. Bather, 1899 ; syn. Forbesiocrinva, Ang. non, de Kon.), 
Silurian, Gotland, differs from Calpiocrinus in larger size of BB, greater 
number of iBr, branching of ramules; the latter characters make the 
arms less apposed to one another (Fig. CX. 2). Dadylocrinus^ Quenstedt 
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(1876, baaed on DtfiMroermiw ojt^optt^iit, Packt ; probably includes AruUh 
erinut or CaUawaycrintu^ Rowley, 1895), Silurian (t) and Devonian, 
N.-W. Europe and N. America ; iBr few, proximal large ; x rests on large 
truncate post B, a little to the right, and supports numerous smaller 
plates in somewhat irregular vertical series ; the IIIBr rami bear ramules 
on the sides towards the middle of the dichotom, the proximal ramule 

branches again (Fig. CX. 4). 
SynerocrinuM^ Jaekel (1897), 
Carboniferous, Europe, has arms 
like Dactylocrinus^ except that no 
ramules branch ; it also differs in 
having 3-8 iBr, perhaps more, with 
occasional illBr and illlBr ; 7 rests 
on post B (Figs. CX. 6, and CXL)i 
This genus probably includes the 
Belgian species erroneously referred 
by de Koninek to Taxocrinut nobilis 
when erecting JFbr&enommu. Eunjo- 
crinuiy Phillips (1836), Carboni- 
ferous, EIngland, is probably a dose 
ally, but its arms are not well 
known. OnycJiocriniu, Lyon & 
Casseday (1859), Carboniferous, N. 
America and Ireland, has a large 
proximal iBr followed by small 
plates, often numerous, merging 
with the tegmen and ventral cover- 
ing of the arms, but leaving the 
arms more free than usual, in the 
sub-order ; II Br rami bear branch- 
ing ramules, either along each side 
or in clusters at end, but the 
heterotomy is always bilateral, not 
Hut. unilateral as in all the genera just 



Pia. CXI. 
Symtroerinut ineurvus^ from Brit. 




*uturi with interbraciiiaiH, x i. B, bouiH, family or, at least, sub-family (Fig. 

which PM8 under tlie cnP. the larger PC«terior cX. 6) ; anals 3-5 resting on post B 

banal is juat visible on the lea; dl, fossa for , ■«. vtrTx .v -r^ 

dorsal liminent; vnf, ninHcIe-fossa ; pf', surface (see also Fig. XVII. 4). FAMILY 5. 

iSte^wr^i.^'^^"''*'*^^^^'^^' ^'*''' Saqenocrinida«. Impiuuata with 

over 20 iBr, 6 or more illBr, and 
variable number of illlBr; arms isotomous or almost so, to VIBr 
or beyond ; anals not a distinct series, but represented by greater width 
or number of iBr in post IR. Genera — Sagenocrinut^ Austin (1843X 
Silurian, Europe and N. America, has RA sunk between post and 
r. poet BB, so that proximal iBr is supported between post B and RA 
(Fig. XXlVa). In •* Forhesiocrinus Agasnzi,** Carboniferous, N. America, 
which may be placed in this family, poet B supports 2 iBr, and there 
are considerably more iBr in this IR Patelloid plates are richly 
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devtloped, but are abaent from Sofi^momntiiL Otherwise the two genera 
agree closely. 

The following genera are placed provisionally in the Impinnata : — 
JVdrioertniM, Hall (1669), Devonian, N. America (Fig. OXII.), when young 
is attached by BB, but is 
free - floating in adult ; BB 
become fused into a bowl- 
shaped mass, oupporting 5 
RR and x ; arms broad, with 

low Br, isotomous. CUixh ^ 

ertfifM, £. Billings (1856 ; see 

W. & Sp., 1886), Ordovician, 2 

Oanada ; IBB and BB hidden F,n. cxii. 

by stem ; RR small and sepa- jWriocKnu. «iri/<mHi.. i«t. 

rated by a large pentagonal "i»e- CAiter HbII.) 1, ftnom 

.. ,., -A ^ "Ide, showing concavity for 

mterradial ; arms isotomous to attachment at end of fti«ed 

about VIIBr, and all appear ^ba«u (f^^^the^-^,^*^ 

to interlock and to be joined 1 fteeu of radiaia. 

by dose suture ; post IR sup- 
ports a vertical series of anals, which reach the full length of the arms. 
Biwpalocrinm^ W. & Sp. (1879), is based on ^^TaaacrvMa graeUis^'' 
Schultze, Devonian, Eifel ; it perhaps belongs to Dicyclica Inadunata. 



Qradk 2. PiniiAta. 

Flexibilia with BB and RR united by dose suture, RR and proximal 
Br by muscular articulation or syzygy ; pseudomonocyclic ; arms pinnu- 
late and either simple or isotomous ; axial canal separate from ventral 
groove throughout ; lax is generally IBrg, rarely IBr^ ; 5 O present in 
early stages and sometimes in adult, but usually atrophy ; anals do not 
form part of the dorsal cup in the adult Stem round, pentagonal, or 
elliptical in section, proximal columnals often forming a widened cone. 

This group is confined to Mesozoic and later times, and there is no 
evidence that it is descended from the Palaeozoic Impinnata ; it may be 
an offshoot from Triassic Dicyclica Inadunata, from which it is dis- 
tinguished by the mode of growth of the proximal columnals. 

Family 1. Apiogrinidae. Pinnata in which the potina consists of 5 
BB and 5 RR ; arms incorporated to a very variable extent in the cup, 
and iBr may be present ; columnals round or pentagonal in section, their 
joint-surfaces marked with radiating striae, and sometimes tubercles in the 
middle ; no cirri ; root, when present, encrusting. (For fossil forms, see 
de Loriol, 1883.) (Genera — MiUericrinui^ d'Orb. (1840 ; synn. Cerxocri'MU 
and P(maiocnn'iUy Desor ex Konig), Trias (?) to Lower Cretaceous, Europe ; 
IBrj united to R by muscular articulation, and to lax by close suture ; arms 
isotomous, free from IBr, or proximal Br united by tegmen, or a few small 
iBr developed ; except for the proximale, the upper columnals are rarely 
widened (Fig. XVII. 7). In some species (Fig. LI I.) the crown breaks off 
horn the root, the stem is gradually resorbed, and a free-floating stage attained. 
AffioerinuM^ Miller (182 IX Jurassic, Europe ; IBr^ united to R probably 
by ligament^ not by muscular articulation, and to lax by incomplete 
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syzygy ; IIBr| united to lax by articulation ; arms isotomoue, incorporated 
in cup at least up to IIBr.^ ; iBr few and irregular ; the upper columnals 
widen gradually, and, with the proximale, form a cone passing into the 
cup (Fig. XVII. 6, 6). Guettardicrimis^ d'Orbigny (1840), Upper Jurassic, 
differs from Apiocrijius only in the union of IIBrj to laz by close suture, 
the incorporation of a greater number of II Br in the cup, and the presence 



Fio. CXIII. 
(JOktmocrinua DUmedae. 1, the crown mnd proximal portion of the atcm ttom the right 
))08t«rior int^rradius, x |. 2, the root, nat sfse. 8, the interior of the basal circlet, from 
above, showing the anchylosed sutures (S) and the axial cords (flx) radiating fkom the osntiml 
chambered organ, x ^ (After Agassiz.) 

of more iBr ; it is the acme of this line of development Acrochordoerinus^ 
Trautschold (1859 ; synn. Cydocrinus^ d'Orb. non £ichw. ; Metpilocrinuif 
Quenst rum de Kon.), Jurassic and Lower Cretaceous; columnals only. 
Calamocrinui, A. Agassiz (1890,-92X 392-782 fiftthoms, Qalapagos Is. and B. 
of Panama (Fig. CXIILX Patina distinct, owing to restriction of £scet to 
} width of R ; BB tend to be fused ; RR laterally united by ligament ; 
r.andl. post RR slightly longer than the others. IBr^ united to R by 
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muscular articulation, and to IBrj by incomplete syzygy. Arms hetero- 

tomous ; each gives off 5 unbrauching rami nearly as stout as the main 

stem, 2 to right and 3 

to left, or we versa; the 

first main- axil is the 

10th or 11th brachial, 

succeeding branches are 

at much greater inter- 

Tals ; pinnules occur 

below lAx, on IBr^, ^ g^ 

o'. IS'i. «. 7. 0. ^^"^ 
being as a rule epizy- 

gals. There are dis- 
tinct Amb and adAmb, 
both in arms and teg- 
men. The proximal 
region of the arms is 
fixed by the tegmen, 
30 that the grooves of 
the proximal pinnules 
rise from the tegminal 

food - groove (Fig. ... 

XXIVA Small iBr ^'''- ^^^''^ 

. V vj r TkTk 'I'eginen of Cidatnocnnus Dlomedite, with tliu ttniis mud uiii- 

rest on snoulders Ol KK nules cut off down to the level at which they become fixed in 

and merffe into imneB- the calyx. Avtb, ambulacrals or coreriiig-platcB^, As^ anna ; 

7^ . . r J i^ «*. «i»> canal of arm ; cc, cocllac canal of anii ; //;, food-groove 

forate lAmo, and these of anterior ann where it joina the tegminal food-groove ; IBr^ 

•noao lw%*f% «vr%»;fa«./Mio primlbrach ; iAmb, interambulacrals. both perforate and Im- 

pass mtO ponferous perforate ; pi, first or proximal pinnule ; j)2.^ond ; pS, tkim 

iAmb : 5 imperforate pinnule; tte, subt^ntacular canal of anterior arm ; w.p, water- 

plates at the interradial '^'^' ^^"^^ ^^''^^>' ^ ''^^ 

angles of the peristome are taken by Agassiz for (Fig. CXIV.). 
Stem long, smooth; root encrusting (Fig. CXIII. 2). Family 2. 
BouROUETiCRiNiDAE. Pinnata in which the patina consists of 5 BB 




Fio. cxv. 

B<mrgtuticHniu. 1, L. aequulU (from Brit Mua. E07O5). 8, ventral view of same (from 
B6706). SJoint-surfkce of proximale (P), by which it articuUtea with acU'oining columnal (C). 
4, vertical median nection of D. Mipticvs (after d'OrbignyX AH x 4 diam. 

13 
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fonning a closed ring and 5 RR 
with high mutcle-platet ; arms in- 
corporated to a Terj slight extent 
in the cup ; and then only looeely 
without development of iBr ; all 
columnalfl, or all except thoee in 
the proximal region, have ellipti- ^ 
cal joint-surfaces with a grooved V 
and toothed fulcral ridge in the 
long diameter and ligament-fossae 
on either side of it ; each colum- 
nal is twisted so that the ridge at 
lies at an angle to that at the other ei 
may he present at the root end oi 
middle of the stem. Sacculi occur 
forms. Genera — Bourgv^icrxnu$^ d 
(1840), Cretaceous, EuroiMS and Alabi 
CXV.) ; sides of cup vertical or sic 
wards above ; BB about half height 
radial facet small, horizontal, wit 
dorsal ligament - fossa ; IBr| ^d , 
connected with adjoining rays, a; 
known ; proximale enlarged, circular 
nals of proximal region circular, ^ 
upwards ; those of middle and distal 
twisted, elliptical ; fulcral ridge co 
around axial canal, ligament-fossa b: 
shallow ; cirri rare except at root 
crinm, P. H. Carpenter (1881), Cr 
Sweden, Germany ; sides of cup si 
wards ; BB short ; radial facet larg< 
upwards to centre, with larger ligamei 
arms unknown; proximale small and < 
proximal columnals circular, narrov 
wards ; the rest as in Bourgueticrinnit, 
ment-fossa deeper ; cirri sometimes nt 
Rhizocrinus, M. Sars (1864,-68 ; syo 
erinui, d'Orb. ; Democrintis^ Perr.), 
to Recent ; Atlantic, 73 to (T) 1900 fathoms : 
sides of cup slope slightly outwards ; BB 
high, may be 7 times height of RR, often 
fused ; radial facet slopes upwards to centre, 
with small ligament - fossa ; IBr| ^^ , free 
laterally, arms not forking; proximale thin 
and discoidal ; proximal columnals discoidal, 
those of middle region slender, fulcral ridge 
broken at axial canal, around which the 
ligament-fossa is ooneentnted (Fig. XLIX. 
7) ; no cirri except at root (Fig. CXYL ; see 



ibout 
Froin 
:rvim 
alltn- 




■itmmi 



Wt 



^'*"^f*l^ 



Digitized by VjOOQIC 



THE CRJNOIDEA 195 



also X., XXIII. 4). Family 3. Antkdonidai. Pinnata in which the 
patina consisto of 5 small BB, not forming a closed circleti and RR with 
large high muscle-plates and facet appi'oaching horizontal ; cavity enclosed 
by RR is minute ; mouth endocyclic ; proximal Br loosely incorporated in 
cup ; colamnals as in Bourgueticrinidae, but usually lost in the adult^ ex- 
cept the proximale and adjoining columnals which fuse with one another 
and with IBB to form a single ossicle, the " centrodorsal," which bean 
cirri ; root when present, encrusting. and x present in brephic stage^ 
but not in adult Sacculi almost always present (See structural details of 
ArUedon, Figs. IX, XV., XVIII. 2, 3, 4, XIX., XXX., XXXIII., XLVL, 
XLVIL, XLIX. 8, 9, LIV., LV.) Genera— mtoZttmcrinia, Atallon (1859), 
Jurassic and Cretaceous of Switzerland, France, and Portugal (Fig. OX VI L) ; 
scarcely differs from Mesocrinus^ except in the reduction of BB and 
presence of a oirriferous centrodorsal at the top of the fairly stout stem ; 
our knowledge of this most important form is due to de Loriol Th« 
remaining Antedonidae retain the portion of stem below the centrodonal 
only in the brephic stage, while their BB further diminish during geo- 
logical periods, their adcentral portions fusing into a small 10-rayed plata^ 



Fio. CXVII. 

TkiMierUprinus. 1, T.fiexwMM^ 
cap Keen firom below, no ImmaIm 
Yisible (fjrom Brit. Mus. 402*2'2a>. 
*2, T. RiMroi, trout the tide, 
allowing bawlii and facets for 
cirri (reconatructed from de 
Loriora flgureaX CD, ceutrn. 
doraal, atill bearing fttcet (^f) 
for attachment to ateiii. x 2 
diani. 



the *' rosette," which lies above the chambered organ, and in some speetw 
of Antedon is all that remains of BR There is also traceable in the arms 
a gradual attenuation and, in many cases, increase of forking, with a 
partial or entire loss of calcified covering-plates. Anteclon, de Fr^min- 
ville (1811 ; synn. Alecto^ Leach ; Comatula^ Lamarck, pars; Hxbemuia, 
Fleming ; Phytoerinua, de Blainville ; Solanocrinus^ Qoldfuss ; Hyponom$^ 
Lov^n ; Oeocoma, Fraas turn d'Orb. ; et alia\ Lias to Recent, almost all seas, 
littoral to 2900 fathoms. Arms fork once or more ; Amb usually present^ 
especially on pinnules. The genus is divisible into 9 groups, differing in 
arm-structure and distribution. Eudiocriniu, P. H. Carp. (1882; syn. 
Ophiocrintu, Semper non Salter), Neocomian (1) to Recent, Pacific and B. of 
Biscay, 50 to 900 fathoms ; differs from Antedon only in non-forking of 
arms. Promaehocrinus, P. H. Carp. (1879), Pacific and South Sea, 70 to 
1800 fathoms; 10 RR, probably a persistent meristic variation from 
more than one species of Antedon. Family 4. Atslecrinidai. Pin- 
nata with patina of 5 BB forming closed circlet and no rosette, 5 BB 
with high muscle-plates; arms fork once, IIBr long, with no pinnolss 
on first 8 or 16 ; no stem, but acorn -shaped centrodorsal, with cirri 
alternating in 5 vertical double rows ; sacculi present Qenus — 
AteUcrinue^ P. H. Carp. (1881), Cretaceous (?) to Recent, tropical Atlantic 
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and Pacific (Fig. CXVIIL). Family 5. Actinoiietridae. Pinnata with 
dorsal cup and centrodonal on the Antedonid plan, but differing in the 
following points: — Mouth ezocyclic and gut much coiled, vdth con- 
sequent larger cavity between RR, small musde-plates, and facet approach- 
ing the vertical ; further asymmetry shown in unequal and variable 
tegminal food -grooves, and in occasional nngrooved structure of some 
posterior rami, which may be shorter than the rest and without podia ; 
no sacculi ; no calcified Amb ; proximal pinnules have a terminal serrated 
margin — " comb " ; centrodorsal discoid, with cirri few, almost limited 
to its margin, and sometimes atrophied. Qenus — Adinometra^ MtQler 
(1841, em. P. H. Carp., 1887 ; synn. [1] Comcuter, L. Agassiz ; Camatula^ 



Fio. oxix 

Fio. CXVIIL Thaumatocrinm rtKoraths, fbom the aul 

AtelecHnHS balanoidet, with two aide, aa, Aual aiipendage ; (oi, intermiubiOa- 

cirri partly prtnerved aud anua crals ; at, anal tube; b, basal; 6j, aeconU 

imperfect. (Prom A. AgBMis, after brachial; ed, eentrodorsal ; i, interradial ; r, 

P. H. Carpenter.) x 2 diam. radial. (After P. H. Cariieuter.) x V. 

pars; PJuiTUXjenia, Lov^n), Lower Jurassic to Recent, almost all seas, 
littoral to 800 fathoms. Divisible into 8 groups, differing in arm- 
structure and distribution. Family 6. Thaumatocrimidae. Pinnata 
with cup of 6 BB forming a closed ring, and 5 RR separated by 5 inter- 
radials resting on BB ; Br not incorporated in cup ; arms do not fork ; 
5 0, separated from cup-plates by relatively large iAmb ; no Amb ; no 
sacculi ; anal tube in post IR ; post, interradial followed by 5 plates 
in vertical series forming a free appendage fFig. CXIX.). Genus — 
ThaumatocrinuSf P. H. Carp. (1883), a unique individual, probably young, 
South Sea, 1800 fathoms. Differs greatly from all other Pinnata; the 
structure of the cup is as in Xenocriii'M (p. 165), the anal appendage if 
paralleled in some Taxocrini (cf. Fig. XXXVIL). 
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Family 7. Eugbniacrinidae. Pinnata with jmtina of 5 RR only, 
BB having been overgrown by RR and absorbed by a continuance of such 
a process as produced the rosette of AinJUdon, RR united by close suture, 
often fused. IBr2 axillary, united to IBr^ by syzygy or fusion. Rami 
10, robust, incurving. Stem short; columnals cylindrical, high, with 
joint-surface granulate, or marginally striate ; no cirri ; root encrusting, 
lobed. All European (see de Loriol, 
1883, and Jaekel, 1891). Qenera — 
EugeniacrinuSy J. S. Miller (1821 ; syn. 
Sympkytocrinv3^ Konig ; Caryophyllites, 
Auctt. pre-Linn.), Bathonian to Lower 
Cretaceous (Fig. CXX.). Patina cylin- 
drical or dove -shaped, with shsJlow 
depression for viscera ; radial facets 
separated by processes ; lax rising above 
origin of IIBr into a 3 -sided spine, 
which perhaps helped to support the 
tegmen ; IIBr small. TorynocriniLSf 
Seeley (1866 ; synn. Cyrtocrinu8, Jaek. ; 
t HemdcrimiSy d'Orlx), Upper Jurassic to 
Lower Cretaceous ; patina and proximalc 
fused, the ventral surface bent to one side 
and bearing stout arms. Oammarocrinus, 
Quenst. (1858 ; syn. Sclerocrinw, Jaek.), 
Upper Jurassic ; patina massive, concave 
below. .Ghf7nnocrtnu8y de Lor. (1879, cm. 
Jaek., 1891) ; Upper Jurassic ; lax re- 
markably developed. PhyUocrinuSy d'Orb. 
(1849), Bajocian to Neocomian ; RR have 
small facets and long spines. TarmocrintUy 
Jaek. (1891), Eocene, and Trigonocrimis, 
Bather (1889), Oxfordian, have verj' 
small radial facets, rounded spines, and 
a deep tubular cup-cavity ; the latter 
differs in the loss and atrophy of certain 
rays. DolichocrinuSy de Loriol (1891 ; 
syn. TetanocrmuSy Jaek.), Upper Jurassic ; 
RR form a tube 10. mm. long, 2*25 mm. 
wide, with interradial re-entrant angles 
at its base; the radial facets are of 
Bourgueticrine or Antedonid type, and if 
BB were present, as de Loriol supposes, the genus must be removed from 
this fiftmily. Family 8. Holopodidab. Pinnata with patina of 5 RR, 
usually fused, and enclosing a relatively wide cavity. BB presumably as in 
Eugenfacrinidae. large, surrounded by a few iAmb. lax fused to IBr| 
in adulty and supports stout^ incurved, unbranching rami ; no stem ; 
attachment by base of patina. No sacculi. The arm-structure led Jaekel 
(1891) to combine these forms with the Eugeniacrinidae. Genera — 
Holoptiiy d'Orb. (1837), Tertiary of Italy, Recent, Caribbean Sea, shallow 



Fig. CXX. 

SugeniaerinvB caryophyllatuSt partial 
reconstruction (x 2 diam.), and in- 
terior view of a primaxil (x 8 diam.), 
on which are seen tlie articular fitcetJi 
(IIBrO for the McnndibrachH ; the 
latter are only partially known. Other 
letters aa usual. (Based on the obser- 
vations of Jaekel.) 
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water (Figt. CXXL and XXXIV.). OyaJthidivm, Steeiwtrup (1846 ; syn. 

Iftcropocrffiuf, Michelin), Uppermost Cretaceous to Miocene, Denmark 

and Italy. Familt 9. Eudssicrinidae. 
Pinnata (?) with patina of 5 RR, enclosing 
funnel-shaped cavity open below, resting 
on a solid mass which may represent 
fased BB or a proxiroale. lax articulated 
to IBr^, and supporting 2 stout rami 
which abut on adjoining rami. Axial 
cords lie close to inner walls of RR. 
Qenera — Euiuierxnu^ de Loriol (1882) ; 
and CohfUderma, Quenst (1852 ; syu. 
Cotylecnnuif £. Deslongch.), both Lias. 
Jaekel would place these genera near 
the Plicatocrinidae ; they are usually 
referred to Eugeniacrinidae or Holo- 
podidae. 

Fig. cxxi. Obdxr 3. Dicyclieft Oamerata 

rp^'^A^SSl^W^ (.CAM.RATA, W. ft S^. pan). 

Dicyclica in which all IBr and usually 
IIBr are incorporated in the dorsal cup by iBr, at first loosely, but 
afterwards by close suture. IBB always the primitive 5. A plate 
always between r. and L post. RR, retting on post B, and followed by 
others leading up to the anus. Mouth and ambulacra subtcgminal. Arms 
pinnulate. 

Familt 1. Retiocrinidas. Dicyclica Camerata with RR and Br sepa- 
rated by supplementary plates irregular in size, shape, and arrangement, and 
forming depressed interradial areas, the posterior of which is divided by a 
single vertical series of prominent plates leading from postB to the eccentric 
anus. Genus — Beteocrinut, Billings (1869 ; see W. & Sp., 1897X Ordo- 
vician, N. America ( Fig. C XXII.) ; 2-3 IBr ; about 6 IIBr, of which the 
pinnules, borne from II Br^ o nwards, are also fixed in the interradial areas ; 
the pinnule borne by IIBr, is in some species represented by a ramusi 
partly fixed ; the rami may branch again after becoming free, and are 
uniserial or slightly in zigzag ; tegmen a low dome of minute irregular 
plates; stem pentagonal Family 2. Dimsroorinidab. Dicyclica Camerata 
with RR in contact except at posterior side, with 2 IBr and a varying 
number of IIBr, separated by a large proximal iBr, which rests on 
shoulders of RR and supports 2 plates, usually followed by smaller 
ones merging into iAmb ; post IR wider, and its proximal plate (anal) 
supports 3 plates followed by others, and leading up to anus, which 
has no tube ; illBr usually present Genera — Ptychocrinui^ W. & Sp. 
(1 886, em. 1 897), Ordovician, N. America ; arms fork twice, are slender and 
uniserial as in BOsocrinui. Chrthocrinus^ Jaekel (1 896X Devonian, Germany ; 
arms fork once, are free from lax, stout and uniseriaL Dimeroainutf 
Phillips (1836 ; synn. OlypUuUr and Tkyianocrinus^ Hall em W. & Sp., 
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1897 ; Ewrinui^ Ang.^ SiluriaD, Europe and N. America (Fig. CXXIII.) ; 
arms fork once or twice, are stout^ bianial, and directed upwuds. Cypho- 
erimm^ S. A. Miller (1898 ; syn. Hyptioerimuty W. & Sp.), Silarian, Indiana ; 



lio. CZXII. Pio. OXXIIf. 



I OjmoZK, Ulterior view. DiimtrccrinvdtauladnlHt^tTom 

^, pinnukt ; ^, fauA pinimleK ; Brit II us. StiTOT ; seen from po8- 

olhir tottan m iwtl. (After terior interradiiu. u», noGbOt of 

Wftchtmntli & Springer.) x f . ntein. x 2 dUm. 

arms fork at least once, are stout, biserial, and pendent^ thus exposing 

tke tegmen which is spinous. Family 3. LAMPTiRocRnnDAE. Dicyclica 

Camerata with a donal cup in general structure like that of Dimero- 

crinidae, but with asymmetr/.introduced by the 

development of an anal i«be and consequent A 

bulging of IR, and shifting of mouth anteriorly. 

All ft^m Silurian, N. America. Qenera — 

Lampteroennuif C. F. Roemer (1860, W. & Sp., 

1897) ; IBB large, anchylosed ; anal tube cen- 

tral ; arms suppled to be 5 rami bearing alter- B 

nate ramules, but are not known beyond IIIBr^ 

(Fig. CXXIV.). SiphcnocrinuB, S. A. Miller p 

(1888, em. W. & Sp., 1897) ; IBB small ; rectum ^ 

forms an asymmetric protuberance below, then Q 

curves rabtegminally either to a central anal |. 

tube, or right across to an anterior opening at '' 

or even beneath the arm-bases. ^ cxxiv 

^^J^J^^^oixxjBjmDAM. Dicycli^Cam- j^^,^^',^^ 
erata with RR separated by a smgle distinct frompMUriorintenrndiot. iB, 
rlate in e«>h IK, foUowed by weU^efined iBr 5::S.^tS"ti2;>r(iS5 
regularly arranged (some individualB of Lyno- c. F. Roemer.) x |. 
e r m m have RR not quite separated, and 

some spades of DiaMoerwnis have not the single distinct interradial) ; 
the anal area is not always distinct, and but rarely has a vertical series of 
plates. IBr, S, in all azcipt the rather doubtful Anihemoerinui, Arms free 
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above IIBr (except in Thylacocrinus) ; illBr may or may not be present. 
The plates of the tegmen are small and usually irregular. The £unily 
begins in the Ordovician, probably as an independent development from 
Reteocrinidae or similar forms, and runs parallel to the Dimerocrinidae 
through the Silurian, but, unlike them, persists to Carboniferous times. 
There is seen in it an increase in definiteness of iBr, and the origin of 
biserial arms, which are usually isotomous but exceptionally bear ramules. 
Qenera — RhapJianocriMtSy W. & Sp. (1885 ; syn. Codocrinus, Salter), 
Ordovician, N. America, Qt Britain, has uniserial arms and numerous iBr 
and illBr. ArchaeocriniUj W. & Sp. 
(1881), Ordovician, N. America, has 
Br in zigzag, numerous iBr more 
regular in arrangement, with no verti- 
cal series in anal IR (Fig. CXXV.). 
DtabolocntiHS, W. & Sp. (1897), Ordo- 
vician, N. America, has the larger 
and more regular iBr surrounded by 
supplementary plates ; the anus is 
at the end of a strong, subcentral tube ; 
the arms bear ramules. Lyriocrinus, 
Hall (1852 ; syn. MarsupiocnmiSj Hall 
non de Blainv. nee Phill.), Silurian, N. '1 
America and England, hns but 2 rami 



MBr 
I Ax 

IIB 

1/ 



5r 



Fio. CXXV. 



Archucocrinu* desidemtuf, from the left 
posterior radiiiM. (DiaKi'aininatiKed from 
wachsmuth it Springer.) x h. 



Fio. CXXVI. 

Thyhnocrinm VaHnioli (flrom Brit. 
Mus. EG642). Seen fh>m posterior inter- 
raditui. Owing to slight cnithing all 
live iufmbiLsals (IB) are neen. and the 
abnence of a stem-facet may be noted. 
iSupplementar>' plates are shaded. The 
Hection of an arm with pinnules (pn) is 
after OHilert. x f. 



to each ray, biserial ; iBr, 1 + 2 + 1, not always quite separating RR ; 
anal area usually of similar structure. AnthemocnntUf W, & Sp. (1881). 
Silurian, Qotland, has only one IBr, and the first large iBr is followed by 
only 1 or 2 small ones ; the biserial arms fork 2 or 3 timea Diammo- 
crinus^ Oehlert (1891, em. Jaekel, 1895), Devonian, France and Germany, 
has repeatedly isotomous arms, with Br in zigzag ; 6-8 IIBr, and a long 
narrow series of iBr. Thylacocrintu, Oehlert (1878), Devonian, France 
and New York (Fig. CXXVI.), has arms fixed up to IIIBr and sometimes 
IVBr, after which follow long unbranched biserial rami ; supplementary 
plates occur between all fixed brachial series ; stem minute or (?) absent 
LahuBeniocrinus, Tscheniyschew (1892,-93), Lower Devonian, Ural, 
appears allied to the preceding, but base and free orachials are unknown. 
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iZ^pufoertniM, Zittel (1879, ex Beyrich, MS.), Devonian, Qermacy, has 
stout uniserial rami giving off biserial ramuli on alternate sides. AewnHho- 
ertfw^ C. F. Roemer (1850, em. Jaekel, 1895), Devonian, Germany, does 
not differ greatly from the next genus. Rhodocrtnus, J. S. Miller (1821, 
restricted W. & Sp., 1881), Carboniferous and (I) Devonian, Europe and 




Fio. oxxvii. 

GUbtrUoerinus. 1, G. Ijfonanus ( = (/. ditpansus, W. & Sp.), veutral view, showing the 
tegminal appendages and the proximal portions of the arms emerging from beneath them. 
3, G. tubercidotus, the appendages mostly broken off, but more of the arms preserA'ed. 8, G. col- 
caratui^ showing how the appendages of the European forms are double where they issue fh>in 
the tegmen. 4, G. typut, patinu from below ; ap, tcgminal appendages ; ap', their points of 
origin, showing central canal ; Ax, primaxil ; Br, pinnulate arms, which issue f^om tho dorsal 
oup at Br", Other letters as usual (All after Wachsmuth & Springer.) x §. 

N. America ; has a vertical series of anals and isotomous arms, all the 
free parts of which or only the finials are biserial. Condyloo'iniUy 
Eichwald (1859, em. Tschemyscliew, 1893), Lower Devonian, Ural, 
differs, if at all, in iBr series, which runs — 1, 1, 2, 3. Ophiocrinw, 
Salter (1856 ; noii Charles worth, nee Semper, nee Angelin), Devonian, 
S. Africa, has numerous iBr and several illBr ; IIIBr free and in zigzag. 
Oilbertiocrintu, Phillips (1836; synn. OllacriniUj Cumberland MS.; 
Ooniasteroidocrinvs^ Lj. & Cass. ; Trematocrinua^ Hall), Devonian and 
Carboniferous, Europe and N. America (Fig. CXXVII.), distinguished by 
small pendent arms, and large, branching, horizontal, hollow extensions 
of the interambulacral areas of the tegmen, of uncertain fimction. 



The following inoorreet or indetenninable Names may be added to those 
already quoted as synonyms or incertae aedis : — 

Adelocrinua, Phillips (1841), Devonian, Britain, is probably syn. of either 

Hexaerinua or Arthmcantha (see Whidbonie, 1899). 
AUiania, Michelotti (1861), syn. of AntedUxn, 
Aporoerinua, Austin (1842), is an Agelacriuid, Jide label on A, gyratus in 

Bristol Museum. 
AspidocrinuSf Hall (1859), Silurian, New York ; encrusting root of a crinoid. 
AtttrUit Auctt. vett., a Pentacrinoid columnal (= PeiUacrinMy Agricola). 
Attteriaa^ Linn, pars (1758) ; syn. of AtUedon and Aclinometra, 
AiUriatUes, Schloth. (1818) ; A. peiinatus and A. rosaeeus, syn. ofAiUedati, 
Aderoerinus, Miinster (1888), **au8 dem Orthoceratiten-kalk bei Elbcrsreutli," 

if a Crinoid at all, is an Inadunate. 
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AdrioSf Troost, nom. nad. (1850) ; aot known. 
AOroccmot de Blainville (1810) ; sya. of AnUAon and AetimofMira, 
Adrocrinui, Cumberknd (1829),,^ Waohimath& Springer^ not known. 
Adropodia, Llbuyd et Auett. pre-LinB., for Crinoid arms; bat Ure (1797) 

applied it also to yarious oup-platss, and Defranos (1819) to Ajnocrinui. 
Atoerinus, M'Coy (1844 or 1862). Carboniferous, Ireland ; referred to Platy- 

crinns by de Koninck k G. F. Roemer, to Oifothoerinus by Wachsmnth 

k Springer. The former probably right. 
Balanoerinui, Trooat, nom. nad. (1850) ; syn. of LampUroerinus. 
Bohemicocriwis, Waagen k Jahn (1899), Silurian, Bohemia ; onp alone known, 

probably CarpocrinUB or DefmidocriivuB ; RR shniied much as in Barrandso- 

crinui, 
Caleidoeriniis, AVaagen k Jahn (1899), Ordovician, Bohemia ; like Tazocrimus, 

but apjiarently no anal between RK, and uo anal ridge. 
CcUocrinus, Steininger (1849), Devonian, Eifel. Dicyclic Inadunate ; IBB fused ; 

uo aual ; perhaps a Cupreaaoerinus. 
CampanuiiUSf G. Troost, nom. nud. (1850). 
Centroeriniia, AVorthen (1890), no» Austin k Meek k Woi-then, itee W. & Sp. ; 

f syn. of Oataerinus, 
CodonocnniM, Troost, nom. nud. (1859) ; syn. of PUrotoerinua, <Qni<2Shumard(1868). 
ComtU^ilina, d'Orbigny (1862), Oxfordian, C, eotlata^Solanocrinus, Goldf.) which 

is syn. of AtUcdwu 
CoTntUureila, Mttuster (1839) ; syn. of AntetUni. 

Conoerinus, Troost, nom. nud. (1850) ; syn. of AUoproecUloerinus, aptuL W. k Sp. 
Ccphinus, Murchison, ez Kiiuig MS. (1889), Silurian, England. Impressions of 

stems. 
OrumenaecrinuSt Troost, nom. nud. (1850). 
Cfupulocrinus, d'Orb. (1850), based on JSq/pfiocriHua hderoeoaUUis, Hall (1847), 

which is referred by Wachsmuth k Springer to Flexibilia Impinnata. 
Cypresaocriniis, a variant and (lossibly preferable spelling of CupreMSoerinua, 
C^stoerinust C. F. Roemer (1860), Silurian, Tennessee. Stem only known, see 

Fig. L. 2. 
l>aenwiiocri7iu3f Troost, nom. nud. (1850) ; syn. of PUroioerinu$t ap/ud Shomard 

(1866). 
Decaeiiemosj Bronn ex Linck (1837) ; syn. of AnUdon, 
Decadactylocrinus, D. D. Owen, nom. nud. (1843) ; syn. of Heterocrinus, ofiud 

Shumard (1866). 
DecafMTOif d*Orbigny ex linck (1850) ; syn. of AnMon, 
Dimorphierimis, d'Orbigny (1849), based on Platfcrimu pentemgularis, Miller ; 

syn. of Orophocrinua, p. 84. 
Dolioloerimis, Troost MS., flde Hall (1858) ; D. awUU is syn. of DiOioennua 

simplex^ Shumard. 
D<macicrinki$t Troost, nom. nud. (1850). 
SeMnocrinuB, L. Agassis, 1841, and T. k T. Austin (1842) ; not a crinoid, but an 

eohinoid =^rcAaeicu2cru, M'Ooy, 1844. 
Emparocrinus, Miller k Gurley (1S95), Silurian, Indiana; probably syn. of 

Antheinocriniis ; but has 8 IBB, and was plaoed by its autliors with 

doubt in Taxocrinidae. 
BncnnoBt Agrioola (1558), a stem-fragment composed of FetUaerim or AMtrUu 

{q,v, 9¥,pra), 
£ntrochti8, Agricola (1558), a stem-fragment composed of Trochitae (9. v. vtfra). 
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OflwyifMfa, J. E. Gray (1884) ; oentrodoiwl ot AnUAon, apud L. Agairiz (1841). 
Oauroerinus, S. A. Miller (1888), Ordoyioisn, N. America ; refened by Waehs- 

muth k Springer part to MeoeHmu^ part to Fty^oeriwus. 
CfUfMtremiie*^ Goldfoas (1882), oentrodonal of AiUtdon, 
Onathoerinui, T. k T. Anstiii, nom. nnd. (1842). The genotype O, fiu^ormv 

ie proved by AuBtin'e MS. drawings to be ayn. of MUUrierinua PraUi, 
Oatdfuuia^ Norman (1891, non CSastelnan, 1848), proposed for Oomaiula vel Ccm- 

aster muUiradiata^ Goldf. non Linn., nee Lun. , a quite unrecognisable form. 
Gframmoerimu, Sidhwald (1869), Ordoyician ; colomnala inoertae sedis. 
Halephmix "of our British Mnienm,'* >Ue Onmberland (1826); syn. of 

Pentaeriniu, 
ffelminiholitkiu entro^Uf linn. (1768) ; stems of yarions Palaeozoic Crinoids. 
Sehnintholithue parienioeus, linn. (1768); syn. of Peniaerimu. 
Sertha, y. Hagenow (1840) ; centrodorsal of Aniedon, 
leondaetyloerintu, D. D. Owen, nom. nnd. (1848) ; referred to Olypiocrinm by 

Shnmard (1866). 
KaUiipangia, Wright (1877) ; lanra of Aniedon. 
KoninekoerimiSf Seeley, nom. nud. (1864) ; syn. of Torynoerinue and AeroehordO' 

erinus. 
MedutaerinuSj T. k T. Austin, nom. nud., Jide Waohsmuth k Springer (1881). 
MicroervMU, Emmons (1868), Eocene, N. C!!arolina; probably centrodorsal of 

AteUerinMB. 
MitroerintUj Miller k Gnrley (1894), Ordoyician, Tennessee ; based on a six- 
rayed indiyidual, probably abnormal, and a Periechocrinid or C!arpocrinid. 
PaekyanUd4mt Jaekel (1891), Upper Cretaceous, N. Germany. Based on impres- 
sion of stout arms, and a few cirri ; Br and cirrals in zigsag. 
Pmekifcrinue, Eichwald (1840), Carboniferous, Russia ; oolumnals only, in part 

a syn. of PieUiiferinua (see p. 182). 
Paehyoerintis, E. Billings (1859), Ordoyician, Canada ; founded on a single base, 

with no diagnostic features. 
Ptntoffoniteit Rafineeque (1819), based on pentagonal oolumnals, probably of a 

Heterocrinid. 
Perieehodomus moffnus, Tomquist (1894) ; syn. of Adeloerinus hyetrir, PhilL 
Peiinoerinue, Hall (1859), Geol. Iowa, yol. i. Snppl. p. 49. Not seen. 
Phialoerinue, Eichwald (1860), Ordoyician, Russia ; encrusting roots with ridged 

under surface (see p. 188). 
PkUytphaerUes, Trenkner (1868), doubtfully crinoidal. 
PrctewyaU, J. Mtiller ex C. F. Boemer MS. (1855) ; syn. of Cylicoerinue etm- 

flueniinus, apud Jwtkel (1895). 
Pteroeonut, L. Agassiz (1885) ; syn. of Aniedon. 
Shodooalix, Trenkner (1868), doubtfiilly Crinoidal. 
SkumardoerinuBf Miller k Gurley (1895), based on imperfect specimens of 

Steganoerin/us eimeinnue. 
Solacrinue, L. Agassiz (1885), for Solanoerinua, Goldf. (1882), which is syn. of 

Aniedon. 
Sj^enoerinus, Eichwald (1856), quinqnepartite oolumnals. 
Syeoerinue, T. k T. Austin (1848) ; the authors' MS. drawings suggest that 

8» dautUB^Lagenioerinue, 8. Jackioni=Oryp(oennu», and 8. anapepiet- 

menoe s Sypocrinue. 
Syringoerinm, E. Billings (1859), Ordoyician, Canada ; stem of DendroeyeHe. 
Teiraerinui, T. k T. Austin, nom. nud. (1842, non Miinster). Not known. 
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Taramerocriniu, T. k T. Anstm (1848) ;.8bown by Ubela and MS. to be syn. 

of Melocrinua or MariaerinuB, 
Thalamocrinut, Miller Jb Qurley (1896), Silurian, Tennessee. Cap alone 

known ; like Badroerinus or Somoenwiu, without RA. 
TrianisiUs, Rafinesqae, JUU Xi. Agaasiz (1841) ; not known. 
Triplaricrinus, Goldfoss, MS. label for Hexaennu$ paUraeformi9,Jid€ L. Scbultze 

(1867). 
TroehUa, Auctt vett, a round oolumnal with radiating striae. 
Vletavierinua, Waagen k Jahn (1899), Silurian, Bohemia ; if monocyclic, must 

be a Batocrinoid ; and if each Br bears more than one pinnule, is probably 

a Carpocrinid. 
XenoerinWf Jahn (1892) noii Miller; altered to Zenk&rierinui, Waagen k 

Jahn (1809), Silurian, Bohemia ; based on an imperfect cup, which does 

not differ from Mariacrinus (p. 161). 

A few of the Tenni used by some other writers, and not previously alluded 
to, may be correlated with those of the present work : — 

SulnudicUiaf de Koninck and Americans =BB of Dicyclica. 

Srtbradiaiet Jaekel = RA [and presumably all Ri] in Monocyclica Inadunata. 

Suhanalci Jaekel=KA in Dicyclica Inadunata. 

Azygas plaies, Billings et alii=anals in general, and RA in partioular. 

Costalia:=lBB in Marsupites (J. S. Miller) ; IBB & BB in Dendrocrinui (Hall) ; 

BB in clearly dicyclic Inadunata and Flezibilia, and in Dimeroerinus 

(J. S. Miller, Hall) ; BB of all Grinoidea (Lov^n) ; Rt in SeUrocrintu 

(Hall) ; KR in Sqfphoerinus, Lyriocrinua, Mttcrottylocrinus (Hall) ; RR k 

IBri in monocyclic or pseudomonocyclic Camerata and Articulata (J. 8. 

MUler, Hall) ; RR k IBr in Cladocrinoidea only (Jaekel) ; IBr in all 

Cnnoidea (Bather in earliest papers ; Waohsmutli k Springer, 1897) ; 

iBri in Euealyptocrimu (Hall). 
Seajnila, J. S. Miller, Hall ; Radiale artieulare, L. Schultze, Zittel = the 

proximal plate in a ray tha^ has an articular facet for the arms, therefore 

may be R, IBr^, IBrt, or I Ax. 
nadialia, Miiller, Zittel ; Primary RadidU, Waohsmuth k Springer (1879-81) 

=all plates in a ray up to first forking, i.e. R k IBr up to lAz. 
Brachialia of 1st, 2ud, 8rd, etc order, Miiller, Zittel, Waohsmuth k Springer 

before 1890 ; articles hraehiatix, de Koninck = free Br only. 
Brachialia, Dibrachialia, Tribtxushialia^ Jaekel = IBr, IIBr, IIIB^ 
Brachialia, P. H. Carpenter, before 1890-Finial8. 
RadiaZia distvctuUia or Distichalia, Miiller, Zittel, Waagen k Jahn ; Second ary 

BadialSy Wachsmut}i.& Springer (1879-81) ; DicosUUia, Jaekel=IIBr. 
Disiichalia, P. H. Carpenter (1879), Waohsmuth k Springer (1897)=IIBr., 

fixed or free. 
Palmaria, Huxley (1877), P. H.'Carpenter (1879), Waohsmuth k Springer (1897) 

=:IIIBr. 
Postpalmaria of 1st, 2nd, 8rd, etc. order. Carpenter, Waohsmuth k Springer 

(1897) = I VBr, VBr, VIBr, etc. 

The corresponding terms for supplementary plates — InUrcostal, Intersceqmlar, 
InUrradial, ^InUraxUlary^ Interdislichal, Intcrpalmar, and Interhraehial— have 
also been used in diyerse senses. 



For Literature of Crinoidea see {k 211. 
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CHAPTER XII. 

THE EDRIOASTEROIDEA.^ 

CLASS IV. EDRIOASTEROIDEA, E. Billings (1854,-58; 
Huxley, 1877; and Bather, 1899) 

(sThyroida, Chapman, 1860; Agelagrinoidea, S. A. Miller, 
1877-83 ; Worthen, 1883; Cystasteroidea, Steinmann, 1888; 
F. Bernard, 1893; Thbcoidea, Jaekel, 1895). 

Not divided into Orders. 

P£LMAT0Z0A in which the theca is composed of an indefinite 
number of irregular plates, some of which are variously differen- 
tiated in different genera ; with no subvective skeletal appendages, 
but with central mouth, from which there radiate through the 
theca five unbranched ambulacra, composed of a double series of 
alternating plates (covering-plates), sometimes supported by an 
outer series of larger alternating plates (side -plates or flooring- 
plates). Pores between (not through) the ambulacral elements, 
or between them and the thecal plates, permitted the passage of 
extensions from the perradial water-vessels. Anus in posterior 
interradius, on oral surface, closed by valvular pyramid. Hydro- 
pore (usually, if not always, present) between mouth and anus. 

Reducing the characters of the Edrioasteroidea to their simplest 
expression, one may imagine a schematic type of the following 
natui'e: — A flexible theca of sack form, composed of numerous 
irregular, polygonal plates deposited in the integument, probably 
with the stroma-strands between them still plainly visible (cf. 
SiromaiocysHs) ; it would have a mouth in the centre of the upper 
surface, and would be attached by some indefinite portion of the 
lower surface ; the anus, with its valvular covering, would lie on 
the upper surface, and there would probably be a hydropore 
between it and the mouth. So far this type would present primi- 
tive characters like those of the earlier Amphoridea, from which 

^ By F. A. Bather, M.A. 
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one may suppose it to have been derived. But the structure and 
relations of the ambulacra, even in their least specialised form, at 
once remove the type from primitive simplicity, and place it on a 
road different from that traversed by other Pelmatozoa. The evi- 
dence suggests the existence of a circumoesophageal water-ring, with 
five perradial canals, and their associated nerves and blood-vessels, 
passing between or below the thecal plates, and underlying a 
ciliated food-groove, which was covered by an alternating series 
of movable plates (covering-plates = ambulacrals of Crinoidea, but 
probably not those of Echinoidea and Asteroidea). Pores between 
the plates lining or flooring the groove (adambulacrals of Pelma- 
tozoa, but perhaps - superambulacrals of Asteroidea) permitted 
the passage either of podia or ampullae. In Gystidea, Blastoidea, 
and primitive Crinoidea, on the other hand, there was a free exit 
for the ambulacral organs only through the peristome; in fact, 
Blastoidea and Gystidea present no evidence that they possessed 
perradial water-vessels and podia at all. 



C| 

o 



Pio. II. 

Cif*tatUr granvlcUiu, ttxam pot- 

torior, showing oral tiirfliGe in per- 

Fio. I. tpective. Tb« two left-hand xaye 

StTomatoci^U p^fUtrngtilarU, oral tuiface. retainUie cpveriiw-platee^whlch are 

At, anus; 0, peristomlal plates ; c.p, covering- !^1"?*°^S** <«n"** ft^'S'^iiV 

pUtee ; i.p, slde-pUtes ; ia, intetambulaerals. » ^' \ (Reconstructed from Hall's 

(Reconstructed from Poinpecigs figures.) «gures.) x 8 dtoni. 

81ighUy enlarged. 

The primitive sack form did not long persist, but the follow- 
ing characters were, as a rule, impressed upon it : a sessile habit, 
the consequent assumption of a circular, flattened form, the differ- 
entiation of the upper and under surfaces, the development of 
marginals or concentric frame-plates, and the tendency to increase 
the food-gathering surface by spiral coiling of the ambulacra in 
either sinistral or dextral direction. According to the varied extent 
of these several modifications, the Edrioasteroidea are divisible into 
3 families — Agelacrinidae, Gyathocystidae, Edrioasteridae. But 
to these must be added a fourth, Steganoblastidae, in which the 
development of a short stem was correlated with greater concentra- 
tion and regularity of the thecal elements. 
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Faiolt 1. AoELACRiNiDAB. EdrioMteroidea with a theca compoeed 
mottly of thin plates, flexible, attached temporarily or permanently by 
the greater part of the aboral eurface ; with ambulacra confined to the ond 
lorface. Qenera — BlbrtmaiociffAM^ Pompeckj (1896), Cambrian, Bohemia, 
seemi to have had a somewhat flexible theca of non-imbricate plates 
(Fig. I.). Rays straight and extending to the margin, imposing on the 
theca a snbpentagonid outline ; composed of stout and long alternating 
dde-platei^ along the outer margins of which are pores [for podia Tj 
while along their inner margins is a groove, protected by minute 
covering-plates. Four large and many small plates [modified side- and 
covering-plates] surround and cover Uie mouth. Interambulacrals hex- 
agonal, united by stroma -strands. Under side of theca composed of 
irregular plates, without evidence of stroma-strands, and larger towards 
the middle. The animal was probably sessile on its under surface, but 
perhaps not fixed permanently. O^iiiulim'^ Hall (1872, T^ocytfis, Jak.), 
Ordovieian, Ohio, is also primitive (Fig. II.). Theca sac-like, composed of 



n 



Fin. III. 

Jj/elaoriiiiw AamiUonruiif, oral Hiirfaco. 
MM, iiiarKinalK, coiiaiKting of the Ian;e »,„ ^y, 

inteniul (i) and the aiiudl external (0 \ M, r in. i \ . 

mippoted inadrenorite. Other letters aa le/KdodiMiu cificiniio/euWir, oral aurface. 

before. (After Hall.) x \. Lettering aa befora. (After Hall.) x \. 

minute plates, not always attached (?) ; rays straight, compoeed of alternat- 
ing covering -plates supported on side -plates ; no hydropore observed. 
Hemieyilis, Hall (1852), Ordovieian and Silurian, N. America and 
Bohemia, shows an advance on Cysttuter in the imbrication of the 
thecal plates, and their differentiation into larger interambulacrals, 
and a zone of smaller marginals. This leads ou to Agelacnnui 
and its allies Streptcuter and LepidoditciUj all which are characterised 
by the curvature of the rays, sinistrally, dextrally, or both, by the 
elaboration of the marginal zone, and by their flattened sessile habit, 
being usually attached to brachiopod shells. The type -species of 
Ag$laor%nui is the Devonian A. hcmiUonerms^ Vanuxem (1842), (Fig. 
IIL), in which the anterior and two left-hand rays curve sinistrally, 
the two others dextrally ; the interambulacrals are large, non-imbricate, 
and radiately ridged ; there is a border of large plates, with an outer 



Digitized by VjOOQIC 



2o8 THE EDRIOASTEROIDEA 

border of small plates. Lepidoducui^ Meek & Worthen (1868), Ordovidan 
to Carboniferous, has imbricating interambulacrals and a border of small 
imbricating plates ; plates forming the floor of the ambulacra, and a pen- 
tagonal internal frame around the mouth, have been described by Miller & 
Faber (1892), but more details are needed ; Hall figures right posterior 
ray as dextral, and the rest as sinistral (Fig. IV.) ; other arrangements 
may obtain, but the rays adjacent to the anus always curve towards it. 
The Devonian Haplocydis^ C. F. Roemer (1855), is known from an internal 
cast, apparently proving that the ambulacra were floored by a single 
row of plates [? fused adambulacralfi], between the edges of which were 
pores [for passage of podia]. The Ordovician Streptatter^ Hall (1878), 
has all its rays sinistral DitcocystUy Gregory (1896), based on Eekinih 
discui opt^HSf Worthen & Miller, is doubtful. 

Family 2. Cyathoctbtidae. Edrioasteroidea with the theca composed 
on the oral surface of five deltoids surrounded by mai^ginals, but below 
of a fused solid mass of stereom, with irregular longitudinal sutures ; per- 
manently attached by the aboral surface as by an encrusting root ; 
ambulacra confined to oral surface. Qenus — CyathocystiSy Schmidt (1880), 
Ordovician, Esthonia (Fig. V.), lb not far remove<l from Stromatocydis and 
Cystaster, but the trend of its evolution is quite away from that of either 
Edrioaster or Agelacrinus, Upper ambulacral surface of theca bordered 
by a pentagonal frame of 40 marginals ; rays straight, with a single 
series of covering-plates ; five larger plates cover the mouth. The 
minute plates that formed the theca of CysUuter are here fused into solid 
masses ; thus there arise between the ambulacra 5 large A, and below the 
marginals a massive cup, fixed to some foreign body by its base, and 
occasionally marked by obscure longitudinal sutures, irregular in number 
and position, but never more than 5. Anus, with pyramid of 5 plates, 
lies between a A and the adjacent marginals ; no hydropore observed. 

Fw. v. 

CyathocjfitU PlaMiHcu. 1, two 
iiiiliviilaalg growing on a pebble of 
rolletl coral, and seen ftoni the lidf^. 
(AOer Schmidt.) Nat sise. 2, 
oral surfluv. At, anoa ; A, inter- 
ainbulacrals fused into deltoids ; 
M1U, marginals ; e.p,covering-platea, 
partly removed m>ni the posterior 
rays exposing /p, which are ntit a 
distinct series of flooring •platea, 
as represented, but ledges project- 
ing m>m the under side of the 
deltoids. (Diagrammatised ftora 
Uc1inii<lt.) X 3 diam. 



Family 3. Edrioasteridak. Edrioasteroidea with flexible theca com- 
posed of thin plates ; attached, if at all, by a small central portion of the 
excavate aboral surface ; ambulacra pass on to aboral surface. Genera — 
AmocystiSf Miller & Qurley (1894), Ordovician, Kentucky, has a sub- 
pentagonal theca, with height two-tlurds the width ; rays wide and straight, 
with large covering-plates ; interambulacrals non-imbricate. Podial pores, 
madreporite, and abactinal surface unknown ; but the genus appears to 
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connect this family with the more primitive forms of Agelacrinidae. 
EdnoatteTf Billings (1858X Ordovician, Canada (Fig. VI.), c^so includes 
'' Agelacrvnitci Buchianiu," Forbes (1848), from Wales. Theca about half 
as high as wide, depressed slightly at oral pole. Rays curved, all or 
some sinistral or dextral, passing on to under surfSeu^e of theca ; ambu- 
lacral groove floored by alternating plates [? adambulacnds], between which 
were pores [1 for podia] ; with covering -plates, i,e, ambulacnds, over 
the groove. Interambulacrals non- imbricate. Under- surface of theca 
excavate, its central region composed of a flexible membrane set with 
minute imbricating plates, and in a frame of about 11 large plates. 
Whether the animal was attached by the central part of this membrane 
is doubtful ; immediately round the centre this is evaginated in five lobes, 
apparently caused by the ]>ressure of some internal organs [? gonads], 



fimb 




Fio. VI. 

EdrUxuUr Bigtbyi. 1, oral tur&ce, with covering-plmtait (finib) ou the aaterior and left 
anterior grooven, but reiiioTed fironi the others, which show only the side- or flooriiig-platet 
((ufy, between which are pores (p). The greater part of the subpentagonal peristome (p$) it 
roofed by enlarged covering-pUtes. io, interambulacrals, one of whicli is a madreporite (M). 
2, section acrons the name specimen through the right anterior radius and left posterior 
interradius. Tlie oovering-phites are removed except Just over the peristome, and in the am* 
bulacrum seen in section on the left. /, tnm*i of stouter plates ; m. membrane with imbricating 
plates, thrown into five lobes (I). 8, snction across an ambulacrum, with phttes in tUn 
covering ventral groove (vg). Dotted surfaces are the natural edges of the plateK, ruled surfkees 
are cut through the pUtes. (All slightly diagramnutiscd fh)m a siiecimen belonging to the 
Oanadiau Geological Survey.) 1 and 2 are nat. sixe. 

which must have acquired pentamerous symmetry. Duiocystis^ Bather 
(1898), Uppermost Devonian, Belgium, has a slighter frame ou the aboral 
surCeu^, and the surrounding region composed of a thin flexible integument 
containing narrow imbricating ossicles ; otherwise like Edrioatter, 

Family 4. Steoanoblastidab. Edrioasteroidca, with a rigid theca 
composed of plates relatively larger ond thicker than in other families of 
this class ; these include elements comparable to the RR and BB of 
Blastoidea ; BB attached to a stem, probably short ; ambulacra descend 
into the radials. Qenus — Stegatioblastui, Whiteaves (1897, originally 
described as Atlrocystites, name preoccupied), Ordovician, Owada (I .g. 
VIL). The remarkable resemblance to AsterobUutut^ insisted on by its 
founder, suggested the reference of SteganohUutui to the Protoblastoidea 
(Bather, 1899); but £he ambulacra are now known to have essentially 
the same structure as iii Edrioatter^ while the absence of brachioles may 
be maintained with confidence. Theca piriform, its plates strongly marked 
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with axial folds, and consiBting of : BB (6 ?, sutures not dear) ; RB, 5, 
alternating with BB, and receiving the distal ends of the ambulacm ; 
interambulacrals, one large onei and an nnoertain number of smaller ones, 
in each interradius ; 5 slightly-pitted plates of spear-head shape, stretching 
up between the ambulacra to the oral pole and simulating of Crinoidea 
or A of Blastoidea, but perhaps being only proximal covering -plates. 
The anus pierces one interambulacrum, and slightly disturbs the 
pentamerous symmetry of the theca. From the mouth 5 ambulacra 
stretch about half-way down the theca ; the adambulacrals (side- or 
flooring-plates) appear almost anchylosed, but the pores between them 
are very dear, and one can trace the original median line of suture ; 
the ambulacrals or covering-plates were stout, at least in the proximal 



1 Fio. VII. 2 

SttganMaatHB fAtawattuli^ Hlightly rentored ftroin the type-npeciiiittiui, and x 8 dlaiu. 1, 
oral iiurfkc« ; 2, ttova. 1. pohL nulTus. adain5, adambaUcrals or Mide*pUt«8 ; awh^ ambnUcralu 
or covering-platet, mostly removed ; A$, anus surronnded by small pUtea ; B^ basal ; 772, laifsn 
median interradial; 0, 5 orals or proximal ambulacmls; |>, ixires between side-pIatM; if, 
radial ; St^ fhigment of stem. 

regions, where they seem to have combined with the spear-head plates to 
form a solid roof over mouth and food-grooves. Stem small, round, with 
lumen less than half the diameter. Fifty years ago StegaruMattus would 
have been described as a generalised or 8)iithetic type, with Cystid, 
Blastoid, Crinoid, and Asteroid affinities ; it is simpler to regard it 
as a spedalised Edrioasteroid, in which features common in stalked 
genera of other classes have been evolved independently under similar 
conditions of existence. 

Gyclocystoidesj Billings and Salter (1858), Ordovician of N. America 
and Britain (Fig. VIIL), probably belongs to this class, though not to any 
of the recognised families. It is hardly wdl enough known to make 
the type of an order as yet A ring of stout ossicles, more regular than 
that seen in Agdacrinui and Edrioa$ter, forms a frame between which are 
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stretched two thinly plated membranes, rarely preserved. The dorsal 

membrane contains irregular non-imbricating plates (Miller & Faber, 

1892). The plates of the ventral membrane (opii^ J. Hall, 1866) were 

delicately reticulate, and arranged in 

numerous rays passing from a central 

pyramid of minute plates [mouth?]. 

Eccentrically, between two rays, is an 

oval opening [anus?} Outside the 

frame is a border of smaller plates 

as in AgeUurinuB, The animal was 

not permanently sessile [but could 

probably fix itself like a limpet]. 

The classificatory position here 
assigned to the Edrioasteroidea 
is not that usually accepted by 
zoologists, although many have fi^. viii. 

given them equal, nearly equal, Ofciocnttouu* saiuri. am, MUinioM«.i 

Ar orAAtAr rlAflflifinAtnrv vaIiia i'e;:iim of aniiM ; mm, fmiiie of larjrcr mar- 

or greater ciassincaiory vame ^.,^^,^ xbe ,»utM as|K»ct or the rtoorin«. 
under various names (see headins, ^ >^<^" thrnugh the oiMmingK, is basMi on 

A/\K\ tTTi- X i Miller & Faber; otliHrwlHfl the flgiire U 

p. 205). Whatever may eventu- copied twm iiaii. x •,=. 
ally prove to be the value of the 

characters insisted on in the present work or in others, even if 
there be traced a closer connection with Diploporita than is as yet 
apparent, the Edrioasteroidea can never be thought a less distinct 
or less homogeneous group than, say, the Blastoidea. The zoologi- 
cal importance of the Edrioasteroidea is another reason for raising 
them to this position. Many zoologists, e,g. Forbes, Billings, Neu- 
mayr, Steinmann, have regarded them as connecting either the 
Echinoidea or the Asteroidea with the Cystidea. On the hypothesis, 
ever becoming more probable, that all eleutherozoic Echinoderms 
are descended from some pelmatozoic ancestor or ancestors, then 
the Edrioasteroidea are alone among Pelmatozoa in presenting a 
type of ambulacrum from which the holothurian, stellerid, and 
echinoid types may readily be derived. 



LlTERATUilK OF PeLMATOZOA. 

1. Agassiz, A. 1892. {Calamoerintu Diomedae . . . with notes on the apical 

system and the homologies of Echinoderms.) Mem. Mus. Comp. Zool. 
Harvard, vol. xvii., No. 2, 95 pp., zzxii. pis. 

2. Aivgtlin^ N. P. 1878. Iconographia Crinoldeorum in Stratis Sueciae 

Siluriois Fossiliom, 4to, iv. and 62 pp , xxiz. pis. Holmiae. 

8. Auttint T, and T. 1843. (Descriptions of several new genera and species of 
crinoidea.) Ann. Mag. Nat. Hist (1) vol. zL pp. 195-207. (Palaeo- 
zoic Crinoids and Blastoids.) 

4. 1848-1849. Monograph on recent and fossil Crinoldea, 4to, 128 pp., 

zvL pis., London and Bristol. 



Digitized by VjOOQIC 



212 THE EDRIOASTEROIDEA 

6. Barmnds, Jl, oontmued by Waag&n, W. and John, J. J. 1887, -W. SyBttme 
Silorien . . . de la Bohteie. Beoherches Palfont, toL Tii. Eehinodennes. 
I. Cystid^, ZYii. + 288 pp., zzzix. pU. ii. CrinoidM, tL + 216 ppi, zL 
pis. Pragae. 

6. Sathsr, F. A. 1800-1892. (British Fossil Grinoids, i.-yiii) Ann. Mag. 

Nat Hist (6), yoL ▼. pp. 806-884, pL xiv., 878-888, pL zy., 485, 486 ; 
Tol. vi. pp. 222-285, pi. z. ; vol. TiL pp. 85-40, pi. i., 889-418, pi: ziL ; 
▼ol. iz. pp. 189-286, pis. zi-ziii. (Inadunata, chiefly Silurian.) 

7. 1898. (The Crinoidea of Gotland. Part 1. The Crinoidea Inadn- 

nata.) K. Svenska Yot-Akad. Handl. voL zzy. No. 2, 200 pp., z. pis. 
(All Silurian ; with Bibliography.) 

8. 1896. (UiiUaerinuB : a morphological study.) Proc ZooL Soc 

London, for 1895, pp. 974-1004, pis. liy.-lTi. 

9. 1897. (Hapaloerinui VicUma^ n.s., Silurian, Melbourne, and its 

relation to the Platycrinidae.) GeoL Mag., n.s., deo. iy. yol. iy. pp. 887- 
845, pi. zy. 

10. 1898-99. (Wachsmuth and Springer's Monograph on Crinoids.) GeoL 

Mag., n.s., deo. iy. yols. y., yi. ; slso separately published, London. (The 
separate issue contains a Bibliography of Wachsmuth.) 

11. 1898-99. (Studies in Edrioasteroidea.) GeoL Mag., n.s., dec. iy. 

yols. y. and yi In progress. 

12. 1899. (A phylogenetic classification of the Pelmatosoa.) Bep. Brit 

Assoc, for 1898, pp. 916-928. 

18. S^yriehfff.R 1858. (Ueber die Grinoiden desMuschelkalks.) Abh. Akad. 

Wiss. Berlin, Phys. Klasse, 1857, pp. 1-49, pis. i.-ii. 
14. 1871. (Ueber die Basis der Chrinoidea Braohiata.) Monatsber. Akad. 

Wiss. Berlin, pp. 83-55. Translation in Ann. Mag. Nat Hist (4), yol. zL 

pp. 898-411. 

15. Billings, E, 1858. (On the Cystideae of the Lower Silurian rocks of 

Canada.) Canadian Oiganio Bemains, dec. iii. pp. 9-74, pis. L-yii., 
MontreaL 

16. 1859. (On the Orinoideae of the Lower Silurian rooks of Canada.) 

Op, dL, dec iy, pp. y., yi, and 7-66, pis. i-z. 

17. 1869-70. (Notes on the structure of the Crinoidea, Cystidea, and 

Blastoidea.) Amer. Joum. Sci (2), yoL zlyiii pp. 69-88 ; zliz. pp. 51- 
58 ; and L pp. 225-240, and 486. Beprint in Ann. Mag. Nat. Hist (4), 
yoL y. pp. 251-266, 409-416, and yii 142-158 ; and in Palaeozoic Fossils, 
yol. ii. pp. 90-128, MontreaL 

18. Billing; W. R, 1881-87. Various papers in Trans. OtUwa Field-Nat Club, 

yols. i and ii. ; and Ottawa Naturalist, yoL i (Cystids and Crinoids.) 

19. Bueht O, L. von, 1845. (Ueber Cystideen eingeleitet durch die Entwicke- 

lung der Eigenthiimlichkeiten yon Carjfoerinui omaiui, Say.) Abhandl. 
Akad. Wiss. Berlin, Phys. Kl., 1844, pp. 89-116, pis. i and ii Trans- 
lation in Quart Joum. GeoL Soc. London, yol. Ii., part ii, pp. 20-42, 
pis. iii, iy. 

20. Carpenter, P, B, 1884,-88. (Beport on the Crinoidea, etc.) Challenger 

Beport, Zoology, yol. zi, No. 26, and yoL zzyi, No. 60. (With Biblio- 
graphy of Beoent Oinoids. The first yolume contains much on Crinoids 
generally.) 

21. 1891. (On certain points in the Morphology of the Cystidea.) 

Joum. Linn. Soc London (ZooL), yol. zziy. pp. 1-52, pi. i 



Digitized by VjOOQIC 



THE EDRIOASTEROIDEA 313 

22. Carp^nUr, P, S. 1891. GaoL Mag., 11.8., dec iii., vol. Tiii. pp. 678-676. 

(Obitiury notioe^ with snpplementary Bibliography.) 
28. Oarpmiier, W. B, 1866-76. (Structure, physiology, and development of 

Antedm rc§aeeu$.) PhU. Trans. R. Soo. 1866, pp. 671-766, pie. zxzi.- 

zliiL ; and Proc. R. Soc. voL zxiy. pp. 211-281, pie. viii., ix. (Part 1 

contains » TsloAble Historioal Summary.) 
24. 1884. (On the nerrous system of the Orinoidea.) Proc B. Soc, No. 

282, pp. 67-76. 
26. Omnberlandt Q. 1826. Reliquiae Gonserratae, etc., 4to, z. and 46 pp., ziii. 

pis. , Bristol (Blastoids and Grinoids.) 

26. Dtmielaen, 2>. C. 1892. (Crinoida) Norske Nordhavs-Ezped. Zoologi, Part 

xzi, 28 pp», y. pis., 1 map, Christiania. {Baihycrinus,) 

27. fh^ardin, F. and Sup^ ff. 1862. Histoire Naturelle dee Zoophytes Echino- 

dermee, etc, 8yo, 627 pp., z. pis., in Suites k Buffou, P^tis. (A cou- 
yenient summAiy to date.) 

28. Eiehwaid, E, v. 1869. Lethaea Boesiea . . . Ancienne P4riode, Liyr. y. 

(Palaeosoic Grinoids and Gystids.) 

29. JBtheridge, Jt, JiL 1892. (Monograph of the Garboniferous and Permo- 

Garbonilnrous Invertebrata of New South Wales, II. £chinodermata, etc) 
Mem. QeeL Sury. N.S.W., PaL, No. 6. (Grinoids.) 

80. 1892. GhapterszziL,zzzii.,zzziy.,andzzzix.inJaokandEtheridge, 

*'The Geology and Palaeontology of Queensland and New Guinea," 8yo, 
Brisbane (Grinoids, Blastoids, and Echinoids.) 

81. and Carpenter, P, H, 1886. Catalogue of the Blastoids* in the . . . 

British Museum, 4to, zyi. +822 pp., zz. pis., London. 

82. FoUmaim, 0, 1167. (Unterdcyonische Giinoiden.) VerhandL naturhist. 

Ver. pceuss. Rheinl. Jahig. zliy. pp. 113-188, pis. ii, iii 
88. Fwbe$, JL 1848. (6n the Gystideae of the Silurian rocks of the British 
Iriands.) Mem. Geol. Sury. Great Brit. ybl. it, part 2, pp. 488-688, pis. 
zL-zziU. 
84. UoUVuu, «. A. 1826-1888. PetrefacU Germaniae, etc., Erster Theil, fol. 
z. and 162 pp. frontisp. and Izzii. pis., of which zl.-zliiL are double 
(Diy. IL, Radiariorum Reliqq. pp. 116-214, pis. zzziz.-lziv.) 
86. OyiUnhaJU, J. A. 1772. (Beskrifning ii4 de s& kalUde GiysUU-aplen ook 
kalk-beliar, sisom petrefioerade Djur af Echini genus, eller dees nar- 
maste slfifting»rO K. Syenska Yetenskaps-Acad. HandL voL zxziiL 
pp. 289-261, pis. viii. and iz. (Spha^ronia and £chino$phaera. ) 

86. Maeekd, M. 1896. (Die Amphorideen und Gystoideen, etc.) Festschr. Air 

Qegenbaur, No. 1, 179 pp., y. pis. (Bibliography.) 

87. Hall, /. 1847, 1862, 1859. Palaeontology of New York, vols, i, ii., iiL 

in Natural Hirtory of New York, 4to, Albany. (Palaeozoic Grinoids and 
Gystids.) 

88. 1848 onwards. (Annual Reports of the State Geologist.) Regents' 

Reports on SUte Gab. Nat Hist. N.Y., 8vo, Albany. (Palaeosoio 
Pelmatozoa of all classes.) 

89. 1868. Report on the Geological Survey of the State of Iowa, voL L, 

Part ii.. Palaeontology. (Palaeozoic Grinoids, Gystids, and an Edrio- 
asteroid.) 

40. Binie, O, /. 1886. (Now species of Grinoids with articulating spinsi.) 
Ann. Mi«. Nat Hist (5), vol. zv. pp. 167-178, pL vL (Hy8Maimmtt» 
AHkraemaffia,) 



Digitized by VjOOQIC 



214 THE EDRIOASTEROIDEA 



41. Hi9ing9r, W. 1887, 1840, 1841. Lethaea sueeica, 124 pp., pis. A, B, C, 

L-xxxTi. Snpplementam secandum, 11 pp., pU. xxxviii. - xxxix. 
Snpplementi secundi oontmtiatio, 6 pp., pU. xl.-xUi., 4 to. Holmue. 

42. Jaeka, 0. 1891. (Ueber Holopocriniden [sBugeniacriiiidae and Holopodi- 

dae.]) Zeitschr. deutsch. geol. Qea., vol. xliii. pp. 6&7-671, pla. xxxiv.-xliii 

48. 1898. (Ueber Plicatoeriniden, Hyoerinaa, undSaoooooma.) Zeitschr. 

deutsoh. geol. Gea., rol. xliv. pp. 619-696, pla. xxv.-xxx. 

44. 1894. (Entwurf einer Morphogenie and Pbylogenie der Crinoiden.) 

Sitcber. Gea. naturf. Frennde Berlin, Jahrg. 1894, pix 101-121. 

45. 1896. (Beitnige znr Kenntniaa der paliiozoiachen Crinoiden Deutach- 

lands.) Palaeont Abhandl. Jena, neue Folge, voL iiL, 116 pp., x. pla. 

46. 1896. (Organiaation der Cyatoideen.) VerhdL deataob. Zool. Gea., 

1895, pp. 109-121. Prelim, to Stammeageaebicbte der Pelmatozoen, I. 
1899. 

47. Koenen, A, v, 1886. (Neue Cyatideen ana den Caradoc-acbichten der 

Gegendvon MontiMllier.) Neuea Jabrb. f. Min., 1886, II. pp. 246-254, 
pla. viiL, ix. 

48. 1887. (Beitrag zur Kenntniaa der Crinoiden dea Muaebelkalka.) 

Abhandl. K. Gea. Wiaa. Gbttingen, vol. xxxiv., Pbya. Kl. pp. 1-44, pi. i. 

49. 1895. (Ueber die Entwickelung von 2)a<focnniM (^raet7t9 und ^o/omntM 

IKagneri, etc.) Nachr. K. Gea. Wiss. Gottingen, Matb.-Pbya. Kl., 1896, 
pp. 288-298. 

50. Kaninckf L, G, de, and Le Hon, J7. 1854. (Recbercbea aui* lea Ciinoidea 

du terrain Carbonifire de la Belgique.) M^m. Acad. Roy. Belgiqua, vol. 
xxviL, M^. 8, 215 pp., vii. pis. (Criuoida and Blaatoids. AVith very 
foil Bibliography.) 

51. Loriol (afterwarda Lorid U Fort), 1\ de. 1877,-79. (Monographie dea 

Crinoidea Foaailes de la Suiaae.) Mcni. Soc. Pal. Suisse, vols, iv.-vi. 
62. 1882-89. Pal^ontologie Frau^aisc, Ire aerie . . . Invert^bi^ 

Terrain Juraaaique. Tome XL, Ire partie, Crinoides, 8vo, Paris. 
58. Ludwig, H, 1877. (Beitriige zur Anatomie der Crinoideen.) Zeitschr. wiaa. 

Zool. vol. xxviii. pp. 255-858, pla. xii.-xix. 

64. 1877. (Zur Anatomic dea KhizocrimiB lo/otciisis.) Op. cU. rol. 

xxix. pp. 47-76, pis. v., vi. 

65. Ifanhall, A. M, 1884. (On the nervous system of AiUedan ntaeew,) 

Quart. Joum. Micr. Sci., n.8., vol. xxiv. pp. 507-548, pL xxxv. 
56. Meek, F. B. and Worthen, A, H. 1869. (Notes on some points in the 

structure and habits of the Palaeozoic Crinoidea.) Pi^oc. Acad. Nat Sci. 

Philadelphia, for 1868, pp^ 828-884 ; reprinted in Amer. Joum. Sci. (2), 

vol. xlviii. pp. 28-40, and in Canad. Naturalist, ii.s., vol. iv. pp. 484-452. 

66a. See Wortken^ A. ff., and others. 

67. Meyer, ff, v, 1826. (Beschreibung des Eohino-Enerinites Senkenbergii, 

einer neu enddeckten Versteinerung.) Kastner's Arohiv f. d. gesammte 

Naturiehre, vol. vii pp. 185-192, pi. ii. (Nachtrag), cp. cU, vol. viii. 2»pu 

282-287. 
58. 1887. {Isocrinut and Chelocriniu.) Mns. Senkenberg. vol. iL pp. 

251-268, pi. xvi. 
69. Miller, J. S. 1821. A Natural History of the Crinoidea, etc, 4to, viii. 

+ 150 pp., 1. pis., Bristol. 
60. Miller, S. A. 1889,-92,-97. North American Geology and Palaeontol<^, 

etc., with two Appendices, 8vo, 798 pp., Cincinnati (Index to first 



Digitized by VjOOQIC 



THE EDRIOASTEROIDEA 215 



deaeriptioiM of all N. American fonil Echinoderma ; inclndiug reference 
to Miller's nnnierooa papem in Jonrn. Cincinnati Soo. Nat Hist, and in 
the publications of the IllinoiSy Indiana, and Missouri Geol. Siuveys.) 

61. UmUr^ Joh, 1848. (Ueber den Ban des PeniacrinuM caput Medusae,) 

Abhandl. Akad. Wiss. Berlin, Phys. KI. vol. for 1841, pp. 177-248, tL pis. 

62. 1857. (Ueber nene E<ihinodermen des Eifeler Kalkes.) Abhandl. 

Akad. Wise. Berlin, Phys. Kl. voL for 1856, pp. 248-268, pis. i.-iv. 
(Crinoids.) 

68. MwrhiBtm, M, L 1889. The Silurian System, etc., 4to, zxxii. and 768 pp. 
London. (Orinoidea, by J. Phillips.) 

64. NeuutayTt M, 1889. Die Stonime des Tliierreiches, voL i (all published), 

8yo, ▼i-h608 pp., Vienna. (Phylogeny of all Echinodenns.) 

65. (khUrt, D, P. 1879. (Deux nuuveanx genres de Crinoides du terrain 

devonian de la Mayenne.) BuH. Soc gjkoi. France (8), vol. vii. pp. 6-10, 
pis. i., iL (Thylacoerinus,) 

66. — 1882. (Orinoidea nouveanz du D^vonien, etc.) Ser. cU, voL x. pp. 

852-868, pis. viii., ix. 

67. 1891. {SpifridiocrinwOf set, tit, vol. xix. pp. 220-227 ^ pis. vii., viii. 

68. 1892. (Deux Ciinoides nou^eanx du Devonien), torn, ciL pp. 834-858, 

pL xviiL (2>taiiMiiocr»iiui.) 

69. 1896. (Foflrilss devonians de Sta. Lnda), ser, eit. vol. xxiv. pp. 814- 

875, pis. xzvi.-xxviit (Orinoids and Blastoids.) 

70. OrUgny, A. D. de. 1840, -58. Hlstoire natnrelle ... des Crinoidee, ete., 

4to, 98 pp., xviii. pis., Paris. (Apiocrinidae, Bourgueticrinidae.) 

71. — ^ 1849-52. Cours il^mentaire de Pal^ntologie, etc., 2 vols, and Atla^ 

Prodrome de Pal^ontologie ... dee animanx mollusques et rayonn^s. 
8 vols., Paris. 

72. Perrier, J. 0. E, 1886,-90. (Memoirs sur I'organisation et le d^vcloppe- 

ment de la Comatnle de la If Mterranee. ) Nouv. Arch. Mus. Hist Nat. 
(2), vol. ix. pp. 58-848, x. pis., and (8), vol. L pp. 169-286, vol. ii. pp. 
1-86, pis. L, ii 
78. PiOeit P. J. 1857. Traits de Pal^ontologie, 2« edit vol. iv. Cviuoides 
(Blastoides et Cystidte), pp. 278*845, Paris. 

74. Pompedy, J, F. 1896. (Die Fauna des Gambrium von Tejr-ovic und Skrcj 

in Bohmen.) Jahrb. geol. Beiohsaiist Wien, vol. xlv. \}\\ 495-614, pis. 
xiii. -xvii. (Cystidea and Edrioasteroidea^) 

75. QueuMUdt^ F, A, 1874-76. Die Asteriden und Encriniden uebst Cysti- und 

Blastoideen, Petrefactenknnde Deatschlands, 1 Abth. vol. iv., 8vo, viii. 
and 742 pp., Atlas pis. xc-cxiv., Leipzig. 

76. 1885. Handbuch dor Petrefactonkunde, Dritte Auflage, 4 Abth. p^i. 

801*988, pis. lxiii.-lxxx., Tiibingen. 

77. Botmcr, 0, F, 1851. (Monographie der . . . Blastoideen, etc.) Arch. 

Naturges. vol. xvii. (1), pp. 328-352, pis. iv.-viii. 

78. 1855. (Crinoidea, etc) Lethaea Qeognostica, 3rd ed., vol. ii. pp. 

210-280, Stuttgart (AH Palaeosoio Pelmatozoa.) 

79. BoxtauU, M, 1888. (Euvres posthumes. Amorphozoaires siluriens, pnbli^es 

par Lebesconte, 4to, 78 pp., zxii. pis., Bennes. (Amphoridea.) 
SO. SalUr^J, JF.fawiBillinifs^E, 1858. {On Oyeloeystoiiles, etc) Canad.org. 

Remains, deo. ill., pp. 86-90, pi. x. bis. 
81. Sars, i/l 1868. M^moiies pour servir h la connaissance des Crinoides 

vivants, 4to^ 65 pp., vi. pis., Christiania. {Jihizoa-mus, Awtedon,) 



Digitized by VjOOQIC 



2i6 THE EDRIOASTEROIDEA 



82. Bai,midi, F, B. wm, 1874. (HiMalUneA Silariea, II. Ueber einige nene 
and wenig bdcannte Bftltueh-Silnrisohe PetrefiMton.) M^m. Acad. Imp. 
8ei St-P^tanboQig (7), toI. zzi. pp. 1-48, pis. i.-iv. 

88. 1880. (Vthm Cyathoajdis PlfvuHnae, Bte,) Yerhandl. Mineral. Ges. 

St. Petenbuig (2), vol. xv. pp. 1-7. 

84. SekuUze, L, 1867. (Monographie der Eehinodermen des Eiflor Kalkaa.) 

Denkaohr. Akad. Wias. Wien, Matb.-nat. Kl. roL nri. pp. 118-280, 
pU. i.-xiii. 

85. Shumard, B. F. 1866. (A Catalogue of the Palaeoioio Foeails of N. 

America.) Trans. Acad. Sci. St. Lonis, voL it pp. 884-407. (Containa 
also "A Chronological list of Works which contain Descriptions or Notices 
of N. American Palaeozoic Echinodennata " from 1811 to 1865.) 

86. Tra^Uschold, H, 1879. (Die Kalkbrttche von Mjatsohkowa . . . Schlnsa.) 

NoQT. Mdm. Soc. Nat. Moscou, vol. xiv. pp. 101-180, pis. xii.-ZTiii. 
(Carboniferous Criuoidea.) 

87. VolbwtK ^* V* 1842. (Ueber der Echinoencrinen.) Bnll. Sdent Acad 

Imp. Sci. St-Pdtersbonig, vol. x. pp. 298-808, pis. i. and ii. 

88. 1844. (Ueber die Arme der bisher ni dem armlosen Orinotdea 

gez&hlten Bchino-Encrinen.) Bull. Classe Phys.-Math. Acad. Imp. SoL 
St-Pdtersbourg, vol. iiL No. 6, columns 91-96, with 1 plate. 

89. 1846. (Ueber die mssischen Sphaeroniten, eingeleitet durch einige 

Betraohtungen ueber die Arme der Cystideen.) Verhandl. Mineral. Ges. 
St Petersburg, 1845-46, pp. 161-198, pis. ix., x. 

90. 1870. (Ueber AchradoeydiUa nnd Cfyttobkattu . . . eingeleitet durch 

kritische Betraohtungen ueber die Organe des Cystideen.) M4m. Acad. 
ScL St-P6tersbourg (7), vol xvL, No. 2, 15 piv 

91. fFaehnntUh, (7., mid SpHnger, F. 1879-1886. (Revision of the Palaeo- 

crinoidea.) Proo. Acad. Nat. Sd. Philadelphia, for 1879, pp. 226-878, 
pis. xv.-xvii. ; for 1881, pp. 177-411, pis. xvii-xix. ; for 1885, pp. 225-864, 
pis. iv.-ix. ; for 1886, pp^ 64-226. (Index to all genera and species of 
Palaeozoic Crinoids, with references to literature.) 

92. 1897. (North American Oinoidea Camcrata.) Mem. Mtis. Harvard, 

vol. XX. and xxi. (Contains also chapters on morphology and classifica- 
tion of Crinoids iu general.) For other writings see under 10. 

98. Woodward, H, 1880. (Notes on the Anomalocystidae, etc.) Geol. Mag., 
n.s., dec. iL, vol. vii. pp. 198-201, pi. vL 

94. Wonhm, A. H,, with Metk, F. B. ; AlilUr, S. A. ; JFaehmnHih, C. ; 

Ban-is, W. H. ; Springer, F,, and others. 1866-90. Palaeontology of 
Illinois, in Geol. Survey lUinois, vols, ii., iii, v., vi, vii., and viii 
(Palaeozoic Echinoderma, especially Pelmatozoa, with references to the 
numeroiiB preliminary papers in Proc Acad. Nat. ScL Philadelphia. 
Vol. viii. contains complete Index and a Bibliography of A. H. Worthen, 
both by/. LiiidaJU,) 

95. ZaUl, K. A, V. 1879. Handbuch der Palaeontologie, I. Band. Palaeo- 

zoologie, I. Band, 1 Abth., pp. 808-560, Miinchen. (All fossil Echino- 
derma.) 

96. 1895. Gmndzttge der Palaeontologie (Palaeozoologie), 8vo, viii. 

and 971 pp., Miinchen. First portion translated as "Text-Book of 
Palaeontology," by C, B. Basimaii, 1896, with revision for Pelmatozoa by 
C. WaehmntUh and others, 8vo, New York. Reissue, 1900, London. 

See also Nos. 5, 21, and 86 in Literature of Echinoderma generally (p. 85). 



Digitized by VjOOQIC 



CHAPTER XIII. 

ELEUTHEROZOA — ^THE HOLOTHURIOIDEA. 

GRADE B. ELEUTHEROZOA. 

Class I. Holothurioidea. 
„ IL Stelleroidea. 

„ IIL ECHINOIDEA. 

Echinoberma in which the theca, which may be but slightly or 
not at all calcified, is not attached by any portion of its surface, 
but is usually placed with the oral surface downwards or in the 
direction of forward locomotion. Food is not conveyed by a 
subvective system of ciliated grooves, but is taken in directly by 
the mouth. The anus when present is typically aboral and 
approaches the mouth only in a few specialised forms. The aboral 
nervous system, if indeed it be present at all, is very slightly 
developed. The circumoesophageal water-ring may lose its connec- 
tion with the exterior mecUum ; the podia (absent only in some 
exceptional forms) may be locomotor, respiratory, or sensory in 
function, but usually are locomotor tube-feet. 

As explained on p. 33, the genetic affinity between the three 
classes now to be dealt with is not so obvious as that between the 
classes of Pelmatozoa. Some writers have taken the Holothurioidea 
to be the most primitive class of Echinoderms, or at least to be 
widely separated from the Stelleroidea and Echinoidea. Without 
denying a large measure of truth to such statements, it is here 
maintained that all these three classes bear the impress of a Pelma- 
tozoic ancestry. And, though they arose from the Pelmatozoan 
stem, probably at different periods, and possibly from different 
branches thereof, yet the trend of the evolution of each was in the 
same direction — a direction opposed to that of the Pelmatozoa. 

At any rate the plain facts set down in the above definition 
are conveniently connoted and emphasised by the adoption of the 
term Eleutherozoa, whatever be the precise systematic value attached 
to it. In discussing the Eleutherozoan claisses, the order followed 
is from the more primitive to the more specialised. 
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CLASS I. HOLOTHURIOIDEA, C. T. v. Siebold (1848) ^ 

( = FisTULiDES, Lamarck, 1801 ; Scytodermata, Burmeister, 1837; 
AsciDiASTELLA, T. & T. Austin, 1840 ; Scytactinota, Bronn, 
1860). 

Order 1. Actinopoda. 
„ 2. Paractinopoda. 

Elcutherozoic Echinoderms normally elongate along the oro-anal 
axis, which axis and the dorsal hydropore lie in the sagittal plane 
of a secondary bilateral symmetry. The calcareous skeleton, which 
may be entirely absent, is usnally in the form of minute spicules, 
sometimes of small irregular plates with no trace of a calycinal or 
apical system ; to these is added a ring of pieces radiately arranged 
round the oesophagus. Ambulacral appendages take the form of : 
(1) circumoral tentacles, (2) sucking-feet, (3) papillae; of these (1) 
alone is always present The gonads are not raidiately disposed. 

The HolothTirians have long been known to man. Many of 
the common ^ims are large and conspicuous animals, which are 
frequently caught in the dredge or thrown up on our shores. It 
iA generally supposed that these are the marine animals to which 
Aristotle gave the name of oXoBovpuw^ from which their present 
scientific name has been derived. Pliny, mentioning a species of 
Cncumaria, calls it Cucumis mariniLS, or sea-eucumber, a name often 
applied to Holothurians at the present day. 

Belon, in 1553, first described a Holothurian, recognising some of 
its affinities to the starfish and sea-urchins ; and Rondelet^ two years 
later, gave some figures of two species. Bohadsch, Pallas, Fabricius, 
Cuvier, and others increased our systematic and anatomical know- 
ledge of this group during the later {mrt of the eighteenth century. 

In 1816 Tiedemann published an excellent account of the 
anatomy of Hohthwia lububsit, Gmel. (12), and since then the 
study of the structure, development, and classification of the class 
has been greatly extended by a large number of naturalists, amongst 
whom one may mention A. Baur (1), Selenka (7), Semper (10), Joh. 
Miiller, Metschnikoff, and Kowalevsky. Within recent years the 
finer anatomy and histology of Holothurians have been studied by 
O. Hamann (3), H^rouard (4), Cu^not^ and many others, and their 
embryology by Selenka (7), Semon (9), and Bury (2). Our 
knowledge of that most interesting group, the {Hpidiidae, dates 
almost entirely from the publication by Th^l of the Report on 
the collections made during the Challenger Expedition (11). The 
family Pelagothuriidae has only lately been described by H. 
Ludwig (6). An admirable and comprehensive treatise on the 

1 ByE, S. Goodrich, M. A. 
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Pio. I. 

\.—U(AQi\wiik forikaXiy D. Cli., opened along the right tide of the median "dorsal" line; 
the blood* vaacular tyitem is not represented ; 2.— Left side view ; and 3.— Anterior Tiew. 

4.— Calcareous ring of H. fonkall .- the anterior endu are turned inwards. 

ft.— Diagram of the water^vascular system of H. fonkali, illustrating the Actinopod plan. 

6.— Larvaofa Holothurian. (After Balfour.) 7.— ilun'cuZaria Urva; and 8.-^Mrrel- 
shaped larva of Svnapta digitcUa, (Both after Semen ; cf. Chapter YIII., Fin. III. ft XVII.) 

d.— Portion of the intestine with the accompanying blood-vesaels ana rete minbUo ot 
Holotkuria tubvloaa. (Alter Tiedemann.) 

10.— Left side view of Ankyrodenna affine, Dan. and Kor. ; and 

11.— Spicules of the same. (After Danielssen and Koren.) 

a, anns; a», anchor; a.«, ant4-mesenterial blood-vessel: 6r, brim; e.b, ciliated band: e.e, 
circular water-vaaenlar oanal ; el, rectal "cloaca** ; co, Cuvierian oivans ; c.v, collateral blood- 
vessel ; d.meit dorsal mesentery ; 9, gonad ; i, intestine ; i.pt interradial piece ; l.d,r, toft donal 
radius ; (. v.r, toft ventral radius ; {.r.C, left respiratory tree ; m, mouth ; sid, inadreporite ; wkr. 
median ventral ndius ; m.v, mesenterial blood-vessel ; ot. otocyst ; p, podium ; p.c, podlai 
canal ; pp, papilto ; p.v, Polian vesicle ; r.cc, radial canal ; m, spatulate rod ; r.d,r, ruhi dorsal 
radius ; rt, rete mirabile ; r.p, radial piece ; r.r.t, right respiratory tree ; r.v.r, right ventral 
radius ; «.e, stone-canal ; ip, spicules ; t, tentacle ; ta^ tentacle ampulla ; (.e, tentacle canal ; 
X, oesophagus. 
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structure, development, and taxonomy of the Holothurioidea has 
recently been written by the same author (5), to whose works the 
present account is greatly indebted. 

As a typical example of the Holothurioidea the conmion Cotton 
spinner, Holothuria farskali, Delle Chiaje (H. rUgru^ auctt.), may be 
taken. It is about 20 cm. long, almost cylindrical in shape (Fig. I. 2), 
pale yellowish-brown beneath, and black aboye. The "ventral" 
or lower surface is covered with closely set retractile podia, by 
means of which the animal creeps along (2,p); the lateral and 
" dorsal " surfaces are covered with small and large conical papillae 
(2, j>p). The five "radii" running longitudinally from mouth 
to anus are scarcely distinguishable on the outer surface; there 
are two dorsal radii (bivium), and one median ventral, and two 
lateral ventral radii (trivium). Near the anterior end the body- 
wall is produced into an irregular brim (2, br) ; beyond this the 
animal terminates in a smooth pale-coloured area, in the centre of 
which lies the mouth, somewhat ventral in position (2 and 3, m). 
Surrounding the mouth is a set of twenty semi-reti*actile tentacles 
(2 and 3, /). When in a state of contraction the brim closes 
over the retracted tentacles and mouth. The anus is situated at 
the posterior pole of the animal. 

The body -wall of Holothuria is thick, tough, and leathery. 
Externally a thin transparent cuticle covers the epidermis, which is 
not ciliated, and is composed of a layer of columnar cells, \ntik 
scattered gland cells and sensory cells. The thick underlying cutis 
is formed of connective tissue cells and numerous fibres lying in a 
homogeneous ground substance. Wandering cells are found in the 
cutis, while the greater part of the pigment is in its outermost layer. 
Below the cutis is the layer of circular muscles (Fig. IL 5, cm) ^ 
interrupted at the radii, except immediately round the anus, where 
it forms a sphincter muscle. A paired band of longitudinal muscles 
runs along each radius from the posterior end of the animal to 
the anterior (Fig. II. 1 & 5, l.m) ; here it is attached to the radial 
plate of the calcareous ring to be described below. Internally the 
body-wall is lined with ciliated coelomic epithelium. 

The skeleton of Holothuria forskali consists chiefly of calcareous 
spicules, knotted or branching rods, and perforated discs (Fig. II. 
6, A^ B), secreted by connective tissue cells and forming a thin 
layer in die outer region of the cutis, especially on the papillae and 
ambulacral appendages (podia and tentacles). Spicules may also be 
found in the connective tissue throughout the body, and they are 
very numerous in the wall of the stone-canal and madreporite. A 
large perforated plate is situated at the extremity of each podium. 
A ring of ten calcareous pieces surrounds the oesophagus; the five 
radial pieces are notched and larger than the interradi^ (Fig. L 4)« 
^ This figure refen to the aUied apedet Holothuria tubiUota, Omeliu. 
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The nervous system consists of a '' superficial " ring surrounding the 
mouth and giving off five radial nerves which run backwards to the 
posterior end. The tentacles and viscera are supplied by nerves 
from the ring ; the podia by branches from the radial nerves. The 
ring and the radial nerves are sunk below the surface, and lie on 
the inner side of the cutis. An epineural canal lies outside the 
radial nerves. Following each radial nerve on its inner surface is 
a small " deep " nerve, from which are supplied the muscles of the 
body-waU (Fig. IL 4). 

The water-vascular system consists of a circular canal sur- 
rounding the oesophagus behind the calcareous ring, and giving 
off five radial canals (Fig. II. 5, ex and r.c). Each radial canal 
passes forward between the calcareous ring and oesophagus, and 
then outwards, through the notch in the radial piece, to the body- 
wall ; it then runs backwards below the radial nerve. The radial 
canals send off a branch on either side to supply a pair of tentacles, 
each tentacle being provided with a long ampulla freely projecting 
into the body - cavity (Fig. I. 5, <.a, and Fig. II. 6). A Polian 
vesicle is attached to the circular canal in the left ventral in- 
terradius. Branches are given off from the radial canals in the 
body -wall to supply the podia and papillae; small ampullae are 
here present. A twisted stone - canal Ijring in the median dorsal 
line leads from the circular canal to a madreporite, pierced with 
many small apertures, and lying in the body-cavity at the anterior 
edge of the dorsal mesentery (Fig. I. 1 and 5, s.e and mi). 

The alimentary canal is looped (Fig. I. 1, i, and Fig. II. 1), 
coiled in the direction of the watch-hand as viewed from the anterior 
end, and supported almost throughout by a mesentery attached to the 
body-walL The mouth leads into a wide oesophagus, which narrows 
on passing backwards out of the calcareous ring. A scarcely dis- 
tinguishable stomach succeeds the oesophagus and passes into the 
long intestine, which finally ends in a rectal '* cloaca " opening at 
the anus. Ilie oesophagus, stomach, and part of the intestine 
form the first region of the alimentary canal, running backwards 
and supported by the median dorsal mesentery. Near the hinder 
end of the body the intestine and mesentery cross over from the 
dorsal interradius to the left lateral dorsal interradius, up which 
they run. Near the anterior end this second section of the 
intestine, with its mesentery, crosses to the right ventral inter- 
radius, down which the third and last portion of the intestine runs 
straight to the anus. Bound the oesophagus, bounded eztetnally 
by the calcareous ring and the radial canals, a portion of the coelom 
is incompletely shut off from the general body -cavity (Fig. IL 
5, pr)\ connective tissue strands run across it from one wall 
to the other. The enlarged rectum, or cloaca, is fastened on all 
sides to the body -wall by muscular strands (Fig. 1. 1, d). 
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Opening into the anterior and dorsal region of the cloaca by a 
common duct are the respiratory trees, two large tubes which give 




Fio. II. 

1.— TnnBverae section of one of the Holotliurinae. (Modified from Ludwig and Lang.) 

S.— Transverse section of the body-wall of HtAoih'wna iiiipaN«iM, ForskJkl. 

8.— (>1) " Uble " and (B) •' biscuit " spicule of the same. 

4.— Transverse section of the radius of an Actinopod Holothurian. ^fter Lang.) 

5.— Left side view of the anterior region of Hdc/CKuria tubuloMt Ouiel., ftrom which the 
left side of the body-wall has been removed. 

a.— (A) perforated disc, and (B) branching rod spicule of Hotothnria /bnkali. 

a, ainnulla ; a.i\ anti-niesenterial blood-vessel ; b, " biscuit " spicule ; h.v, blood-vessel ; b.in, 
body-wall ; c, eoelom ; car, calcareous ring ; c.c, circular canal ; c.ep, coeloinic epithelium ; c.w, 
circular muscles ; cp, podial canal ; ct, cutis ; d.mes^ dorsal mesentery ; (/.n, deeu nerve ; q>, 
epidermis ; ep.c, epineuml canal ; g, gonad ; g.d, genital duct ; g.p, genital pore ; f , intestine ; 
l.d.r^ left dorsal radius; {.m, longitudinal muscles; LfM$, left mesenterial; {.r.t, left respira- 
tory tree ; l.v.r, left ventral radius ; vid, madrei)orite ; rn.r, median ventral radius ; in.f, mesen- 
terial blood-vessel ; p, podium ; p.e, pseudhaenial canal ; v.n, podial nerve ; pr, peripharyng^nl 
eoelom ; p.v, polian vesicle ; r.c, radial canal ; r.d.r^ right dorsal radius ; r.mes, right mei'enterial 
fold ; r.r,t, right respiratory tree ; r.r.r, right ventral radius ; t.n, superficial nerve; f, tentacle ; 
UOf tentacle ampulla ; <a, " table " spicule in 2. 



off numerous side - branches ending blindly in tufts of slender 
twigs (Fig. I. 1, l.rJ and r,rJ). Cominfi; off from the base of the 
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left respiratory tree are a large number of long slender pro- 
cesses, the Cuvierian organs (Fig. I. 1, co). These remarkable 
organs, formed of spiraUy coiled fibrous tissue covered with a 
layer of modified coelomic epithelium which secretes a sticky 
substance, are shot out of the anus through the wall of the cloaca 
by the living animal when irritated. The organs swiftly elongate, 
forming adhesive white threads, to which this Holothurian owes its 
name of Cotton-spinner. 

The blood-vascular system consists of a circular vessel round 
the oesophagus, giving off five radial vessels which run between 
the water-vascular canal and the pseudhaemal canal, covering the 
radial nerve internally. The anterior region and genital organs 
are supplied from the circular vessel. The alimentary canal is 
provided with two longitudinal trunks coming from the circular 
vessel — one, the "dorsal" or mesenterial vessel, runs along the 
region where the mesentery is attached to the intestine ; the other, 
the " ventral " or antimesenterial, runs along the alimentary canal 
on the opposite side (Fig. II. 1 and 5, m.v and a.v). A cross 
vessel passes from the mesenteiial vessel on the first region of 
the intestine to the antimesenterial vessel on the second region. 
In connection with the mesenterial vessel (especially along the 
second region of the intestine) is an extensive and rich plexus of 
blood-vessels, the rete mirabile, overlying the left respiratory tree 
(Fig. I. 9). Blood lacunae extend in the walls of the alimentary 
canal, respiratory trees, gonads, and other parts. 

A closed pseudhaemal system extends over the inner surface 
of the nerve ring and radial nerves. 

. The body -cavity forms a continuous coelomic space lined 
throughout by epithelium, which is generally ciliated. 

The sexes are separate in this species. The genital organs consist 
of a bunch of tubes, with free blind ends lying in the coelom, and 
uniting at their base to open into a duct itinning fonvards in the 
dorsal mesentery (Fig. II. 1 and 5, g and gji). The genital duct 
opens by a median dorsal pore behind the tentacles (5, ,7.^;). 

Variation in the Holothorioidea. — In outward form the 
more specialised and highly modified genera depart very widely 
from the elongated and somewhat pentagonal shape which appears 
to be the more primitive. In organisation, however, this group is 
fairly constant, and clearly defined from the other classes of Echino- 
derma. The epidermis is not ciliated in the adult. The body-wall 
is remarkable for its thickness and leathery consistency, the cal- 
careous skeleton being rarely in the form of plates or scales, and 
more often as minute spicules of various shapes (there is no apical 
system of plates). When these spicules are of different kinds they 
generally form distinct layers in the cutis — as, for instance, in 
Holothuria impatiens, where the " tables " lie on the surface, whilst 
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the "biscuit" spicules are disposed in a Uiick inner layer 
(Fig. II. 2 and 3, ia^ V), The spicules are deposited by cells in 
the cutis, and develop first as small rods which become branched 
at each end ; by the increase of the number of branches and their 
repeated fusion arise the innumerable varieties of spicules found in 
different species of Holothurians. These calcareous bodies are of 
great value to the systematist in classifying the smaUer groups, 
such as genera and species.^ Although their general characteristics 
are fairly similar within the several families, the different shapes 
of spicules are not sufficiently constant to be used as diagnostic 
characters of such large divisions. 

Very characteristic of the Holothurians is the calcareous ring 
formed of radial and interradial pieces surrounding the oesophagus. 
Occupying the same position as "Aristotle's lantern" in the Echi- 
noids, it may possibly be homologous with that organ. 

A well-developed muscular system is present in the body-wall, 
whereby the animal can move and alter its shape. The longitudinal 
muscles, generally paired radial bands, often form special retractors 
for the withdrawal of the anterior region of the body. In the 
Synaptidae alone the circular muscles are not interrupted at the radii 

Although the nervous and water-vascular systems are distinctly 
built according to the pentagonal radiate Echinoderm type, yet the 
latter system is generally modified in relation to the very frequent 
differentiation of a dorsal surface occupying the three upper interradii, 
and of a flattened ventral surface or creeping sole occupying the 
two lower interradii. The ambulacral appendages, the podia, may 
become modified from typical sucking-feet into pointed papillae. 
Either the tube-feet or the papillae may extend over the entire inter- 
radial space. On the other hand, both tube-feet and papillae may be 
absent (Molpadiidae, Pelagothuriidae, and SynaptidaeX and even the 
radial canals may disappear in the adult (Synaptidae). The oral 
tentacles, so characteristic of the Holothurians, are no doubt modified 
ambulacral appendages homologous with the podia. They vary 
greatly in number and shape, and are of great tazonomic value, 
being almost invariably more or less peltate in the Holothuriidae and 
Elpidiidae, arborescent in the Cucumariidae, and digitate or pennate 
in the Molpadiidae and Synaptidae. 

The Polian vesicle is usually single, and situated in the left 
ventral interradius ; but there are sometimes more than one. The 
stone-canal, generally single, lies in the median dorsal mesentery. 
Although in some of the Holothuriidae, Elpidiidae, and Pelago- 
thuriidae, and in the larvae of other forms, the stone-canal retains 
its opening to the exterior in the median dorsal line, in most Holo- 
thurians this condition is modified, in that the primitive madreporite 

1 The stracture of the spioulet ia liable to alter during the lifetime of the 
individual (Heronard, Mitsukuri, dsteigren). 
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disappears, the connection with the body-wall is lost, and the canal 
opens by a new madreporite into the body-cavity. In some species 
numerous accessory stone-canals and madreporites may be developed 
(Fig. 11. 5, tnd). 

The disposition of the organs in the radius, as seen in transverse 
section, is distinctive (Fig. II. 4). The superficial radial nerve is 
separated from the epidermis by the thick cutis and a space 
(epineural canal). The deep radial nerve is separated from the 
ambulacral radial canal by a pseudhaemal canal and the radial 
blood-vessel. Over all lies the longitudinal muscle internally. This 
arrangement resembles most that found in the Echinoidea. 

The alimentary canal and the mesentery which supports it have 
the dextral coil characteristic of Echinoderma, as described above 
for Holothtuia (p. 221). 

The respiratory trees, organs quite peculiar to this class, are by 
no means of universal occurrence, being absent in the filpidiidae, 
Pelagothuriidae, and Synaptidae. It is interesting to note, however, 
that in certain of the Elpidiidae the rectum is provided with a 
caecum, which may represent a vestige or a rudiment of the respira- 
tory trees (Fig. 111. 10, coe). 

The Cuvierian organs (p. 223) appear to be modified branches 
of the respiratory trees. 

The Uolothurioidea are distinguished from the remainder of the 
Echinoderma by the structure of the genital organs. These always 
consist of a single, or of a right and left^ tuft of tubules leading into 
a common duct, which runs in the dorsal mesentery and opens to 
the exterior in the median dorsal line near the anterior extremity 
of the body. There is no axial organ or sinus, and no trace of 
radial structure in connection with the gonads (see p. 24). 

As a rule, the genital products are shed in the sea, where fertilisa- 
tion and development take place. Rarely, as in Chiiidoia roHfera 
(Pourt) and Fhf/llophorus uma (Orube), the young develop in the 
body-cavity of the parent. Brood chambers are formed in Psohu 
ephippifer (W. Thomson) and some species of Cucumaria. 

A total and almost equal segmentation of the fertilised egg leads 
to the formation of a ciliated blastula and gastrula, from which is 
developed the characteristic Auricularia larva (Fig. I. 6, 7). The 
free-swimming Auricularia has an alimentary canal provided with a 
mouth and anus, and the cilia are restricted to a single large 
circumoral band and a small adoral band vrithin the mouth. The 
archenteron now gives rise to the hydro-enterocoel, opening by the 
primary stone-canal at a pore a little to the left of the median 
dorsal line. Later the circumoral ciliated band becomes greatly 
folded, and then converted into the circular ciliated rings of the 
barrel-shaped larva or pupal stage (Fig. I. 8). The mouth shifts 
to the anterior pole, round which are developed the tentacles as the 

15 
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first appendages of the water-vascular system. The radial canab 
and podia (when present) are now formed, and the young Holo- 
thorian assumes the adult form. Rarely tiie Auricularia stage is 
omitted, the ciliated gastrula developing more or less directly into 
the barrel-shaped larva. 

Very little is known of the extinct Holothurians. Some spicules 
have been found, many of which belong to the Synaptidae, in 
deposits ranging from the Carboniferous to Tertiary strata. 

With advancing knowledge the Olamiflftatioa of the Holothurians 
has imdergone many changes since it was first attempted at the 
beginning of this century. It now appears to be firmly established 
on deep-seated structural characters. In 1815 Oken divided the 
few species then known according to the shape of the body, whilst 
soon after Lamarck made use of the tentacles as a taxonomic 
character, a system afterwards perfected by Grube, who founded 
the family Aspidochirotae for forms with peltate tentacles (Holo- 
thuriidae), and Dendrochirotae for forms with arborescent tentacles 
(Cucumariidae). Cuvier and others followed Okon, taking into 
account the occurrence and distribution of the podia ; and Brandt 
divided the Hclothuria into Pedatae with podia, and Apodes 
without podia. Selenka, in 1867, following Jaeger, formed the two 
orders Pneumophora and Apneumona, the first for the modem 
Holothuriidae, Cucumariidae, and Molpadiidae, provided with re- 
spiratory trees or " lungs,'' the second for the Synaptidae without 
'Mungs." Th^l adopted the orders Apoda and Pedata, adding the 
order Elasipoda for the newly discovered Elpidiidae. Ludwig has 
clearly shown that the classifications founded on the mere presence 
or absence of podia or of respiratory trees are artificial; first, 
separating off the Synaptidae, which differ in important respects 
from all the other families, as the Paractinopoda, he divides the 
remainder of the Holothurians, the Actinopoda, into five families, 
as shown in the following table : — 

Order 1. Actinopoda. Radial canals sup- 
plying tentacles and podia. 
A With respiratory trees. 

(«) With podia. I^** ]• HOUJTHURIIDA.. 

(5) Without podia Fam. 5. Molpadiidas. 
R Without respiratory trees. 

(a) With podia. Fajc 2. Elpidiidax. 

(6) Without podia. Fam. 3. Pklagothuriidax. 

Orders. Paractinopoda. Neither radial 
canaU nor podia. Tentacles 
supplied from circular canaL 

Fam. STKArrxDAE. 
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Order 1. Actinopoda, Ludwig. 

The five radial canals of the water-vascular syBtem, springing from 
the circular canal, supply the tentacles and podia (Fig. I. 6). 

Fauily 1. HoLOTHURiiDAX. Body more or less flattened ventrally 
to form a creeping sole. Mouth generally somewhat ventx-al in position. 
Spicules chiefly in the form of tables, rods, and perforated plates. Cal- 
careous ring of five radial and five iuterrodial pieces. Aiubulacral 
apiiendages present in the shape of tube-feet, papillae, and peltate tentacles 
(generally twenty). Respiratory trees well developed. Sub- Family 1. 
Stnallactixae. No tentacular ampullae. Stone-canal single, and joined 
to the body-walL No rete mirabile. Genera — A. With genital tubes in 
a right and left bundle — Pgeudaatichopus, Tlidel; PaeUmatxdes^ Thdel ; 
MuereSf Ludwig; Synallactes, Ludwig; BathyploteSy Ostergi'en. R 
Genital tubes in a tuft on the left side only — Mewthuria, Lud>\ig. 
Sub-Family 2. Holothuriikab. Well-developed tentacular ampullae. 
Stone - canals often numerous, and with complex madreporites not con- 
nected with the body-wall (exc. Holothurta Uictea). The left respiratory 
tree is enveloped in a vascular net^^ork, the rcte mirabile. Cuvier's 
organs often present Genera — ^A. With genital tubes in a tuft on the 
left side only — Muelleria^ Jager, mostly tropical ; Labidc^emac, Selenka, 
tropical ; Holothuriay Linn., to which genus belong the British Cotton- 
spinner described above (p. 220), and H. edulisy one of the kinds of edible 
Trepang. R With genital tubes in a right and left tuft — Stidiopui^ 
Brandt 

The Holothuriidae are characterised not only by the possession of well- 
developed respiratory trees, and of from fifteen to thirty peltate tentacles 
(formed of a thick stem branching at its extremity), but also by the 
absence of retractor miiscles, and of auditory vesides. The tube-feet and 
papillae may be in double radial rows, as in Labidodemasy in several rows, 
as in StichoptUy or scattered, as in Holothurta, The calcareous ring is 
generally composed of short, compact pieces ; it appears to be absent in 
Padopatidei and SynaUacta, The anus in Pseudostichoptu is situated in 
a deep vertical furrow, whilst in Mudleria it is surrounded by five 
pointed, calcareous plates. The longitudinal muscles are in paired bandsi 
except in Pseudosti^iopus. 

The Holothuriinae are a well-diff^erentiated group distinguished by 
the possession of large tentacular ampullae projecting freely into the 
body-cavity (Fig. II. 6, ta), internal madreporites (6, fiuQ, and a vascular 
plexus surrounding the left respiratory tree. The Synallactinae, on the 
other hand, are in many respects intermediate between the former 
sub -family and the Elpidiidae. The absence of tentacular ampullae, 
and of the rete mirabile, and the presence of a single stone-canal con- 
nected with the body- wall and probabi/ retaining its primitive opening 
to the exterior, are all characters imiting the Synallactinae to the 
Elpidiidae, with which they have indeed been classified (t^stergren). 

Family 2. ELPiDnDAE. Body generally flattened ventrally. Mouth 
more or less ventral Tentacles, ten to twenty, more or less peltate. Ventral 
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tube-feet and dorsal papillae present (exc. Caplieira), Often auditory 
vesicles on the radial nerves. Stone-canal single ; madreporite frequently 
opening to the exterior. Respiratory trees absent (or rudimentary). 



J^J^ 




p. r ^5 #> 




Fio. III. 

1.— Left side view of DHma validum, Th^l. (After T!i6el.) 

i.—Ilyod(umon maculatti$t Th. (After Theel.) 

8.— <A) C-shaped uplcnle of Scotoplanet albidn, Th. ; (B) wheel of Pannydiia momleyt^ Th. ; 
(C) four-armed spicule of Elpidia rigida, Th. (After Thtel.) 

4.—PeniaffOM wyviUU, th. (After Tliiel.) 

b,—P8yehropote$ loHgica»da, Th. (After Th^l.) 

6.— Ventral view of ElpUlia glacUdi*, Th. (After Tliiel.) 

7 and 8.— Side view and oral view of Pelagothuria natatriXf Ludw. (Modified fh>m Lndwig.) 

9.— Section through the uiadreporite and genital papilla of Ilyodaemon maeulatu$t TL 
(After Thtel.) 

10. —Portion of the intestine and rectal "cloaca," with its caecum, of BeaModytet 
tanffuinoUntOt Th. (After Ludwig.) 

a, anus ; br, brim ; b.w. body-wall ; d, rectal " cloaca " ; coe^ caecum ; d, disc ; d,a, dorsal 
Appendage ; g.d, genital auut ; g,\t genital aperture ; g.p, genital papilla ; i, intestine ; tn, 
mouth ; op, opening of pore canal ; p, tube>root ; p.e, pore canal ; pp, papilla ; pr, anterior 
process ; r, ray of the disc ; «, creeping sole ; «.e, stone canal ; (, tentacle. 

Calcareous ring of five or ten pieces. Spicules various, frequently in the 
form of wheels and four-rayed spicules. Sub-Family 1. Pbtchropotinae. 
Body surrounded by a brim. Mouth quite ventral Dorsal papillae 
usually small Tube-feet small, as a rule on the three ventral radii 
Calcareous ring incomplete, the interradial pieces being represented by 
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small spicules. Genital tubes in a right and left tuft. Genera — Pgychro- 
trephes^ Th^el ; JEuphronides^ Tlidel ; Psychropotes^ TlwSel, Fig. III. 6 ; 
Beathodytesy ThceL Sub-Familt 2. Deimatinae. Mouth sub - ventral. 
Papillae large and numerous. Tube-feet large, generally only on the lateral 
ventral radii Calcareous ring of five radial and five interradial pieceSi 
Genital tubes in a right and left tuft Genera — A. With a row of large 
papillae above the lateral ventral podia. Median ventral podia rudimentary 
or absent Twenty tentacles — Deima^ Thdel (Fig. III. 1) ; Oneirophanta^ 
Thdel ; OrphnurguSy Thdel ; Scotodeimay Ludwig. B. Without a distinct 
row of lateral ventral papillae, fifteen to twenty tentacles. Wheel 
spicules — Laetmogoney Theel ; Ilyodaemon^ Thdel (Fig. III. 2 ; Pan- 
nychiay ThM ; Capheira, Ludwig, Sub -Family 3. Elpidiinae. Mouth 
generally sub-ventraL Papillae usually few and large. Podia only on 
the lateral ventral radiL Calcareous ring of five radial pieces. Genital 
tubes in one or two tufts. Genera — A. With ten tentacles — Parelpidiay 
Thdel ; Elpidtay Tlidel (Fig. III. 6) ; Scotoplanes, Thdel ; Kolgay Dan. 
and Koren ; Irpa, Dan. and Koren ; Peniagone^ Thdel (Fig. III. 4) ; 
ScotoanoMay ThdeL R With more than ten tentacles — Acfibjonice, 
Thdel ; EnypniasteSy ThdeL 

The Elpidiidae are a deep-sea group of wonderfully diverse outward 
form. The body is generally flat or even concave ventrally ; it is often 
produced along its lateral edge into a brim, which may \ye posterior (as in 
Scotoplan€s)y anterior (as in Elpidia purpureay Thdel), both anterior and 
posterior (as in Seotoancuia), or all round (as in the Pgychrapotinae). 
The mouth may be quite ventral, and some way bcliind the anterior 
edge of the body (Fig. IIL 5). The anus is terminal, dorsal, or ventral. 
Tu1)e-feet occur on the ventral radii only, and are often remarkable for 
their large size and paired arrangement (Fig. III. 6), resembling tlie feet 
of a segmented animal. The dorsal papillae also may be distinctly 
paired and very large (Fig. III. 1). Peculiar posterior dorsal appendages, 
sometimes of huge size (Fig. III. 5), are developed in Euphronidu and 
Ptychropotes. Somewhat similar anterior appendages occur in Penuigtme 
(Fig. IIL 4). These outgrowths of the body-wall are often supplied with 
right and left canals from the radial, water- vascular system. The most 
characteristic spicules are C -shaped, four -armed wheels (Fig. IIL 3), 
and perforated plates. The calcareous ring is generally but slightly 
developed ; in the Elpidiinae the five radial pieces only are represented 
as single-branched spicules. Auditory vesicles or otocysts are sometimes 
situated in the Elpidiinae along the circular and radial nerves, but chiefly 
along the lateral ventral radii Of great interest is the relation of the 
stone-canal to the body-wall in this family. The primitive condition in 
which it opens by a single pore in front of the genital aperture is found 
in Elpidia (some species), Kolga^ and other genera. In some forms^ e,g, 
Laetmogone and Ilyodaemon (Fig. III. 9), it opens by a number of pores to 
the exterior. The external opening has been lost in Irpay BenthodyteSy 
and others, the canal opening to the coelom, but Ijeing still connected 
with the body-wali There are no retractor muscles, and no Cuvierian 
organs. Although the Elpidiidae diflfer from the preceding family by the 
generally simple, unpaired structure of the longitudinal uuuk'Ics (p. 224), 
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and the absencs of well-developed respiratory trees (pp. 882, 286), yet 
they are undoubtedly closely related to them, and more especially to 
the Synallactinae. 

Family 3. PsLAOOXHtrRiiDAB. Body cylindrical, and produced at the 
base of the crown of tentacles into an umbrella-like disc, drawn out 
into long slender rays. Mouth and anus terwinaL No podia ; branches 
of the tentacle canals extending into the rays of the disc No retractors 
and no respiratory trees; a single stone-canal opening to the exterior. 
Right and left tufts of genital tubes. No calcareous skeleton. Qenus — 
Fdfkgoikwna^ Ludwig (Fig. III. 7 and 8), represented only by a remarkable 
free-swimming Holothurian, Pelagothuria natulrix^ recently discovered in 
the Pacific. The thirteen to sixteen tentacles are forked and beset with 
papillae, and the disc is produced into a corresponding number of rays, 
each containing a branch of the tentacular canal. These rays may repre- 
sent the modified tentacular ampullae of the Holothuriidae ; or the disc 
may be derived from the anterior brim, which occurs in the two preceding 
families. Tlie five radial vessels are normally developed, in spite of the 
absence of podia. The longitudinal muscles are in simple bands. Neither 
calcareous ring nor calcareous spicules are developed. 

This highly modified form undoubtedly belongs to the Actinopoda, 
since there are radial canals, and the circular muscles are interrupted 
at the radii The alienee of respiratory trees, and of free tentacular 
ampullae, and the simple longitudinal muscles remove it from the Mol- 
padidae ; whilst the first of these characters, combined with the absence 
of podia and retractors, separate it from the Cucumariidae. With the 
Elpidiidae, on the other hand, it has many characters in common, such 
as the single stone-canal opening to the exterior, the simple longitudinal 
muscles, the absence of respiratory trees, and the reduction of free ten- 
tacular ampullae and the calcareous ring. Pelagothuria^ therefore, is 
probably a free-swimming form derived from an Elpidiid ancestor. 

Familt 4. CucuMARiiDAE. Podia generally tube-feet only and no 
papillae. Mouth and anus terminal or dorsal Tentacles eight to thirty, 
branched. Tentacle ampullae rudimentary or absent Madreporite in- 
ternal Calcareous ring of five radial and five interradial pieces. Re- 
tractor muscles. Longitudinal muscles generally simple. Respiratory 
trees well developed. Guvierian organs rare. Right and left tufts of 
genital tubea Spicules chiefly rods and knobbed, perforated plates. 
Genera — A. With distinct creeping sole. Ventral podia restricted to 
radii — Colochirus, Troschel; Piolidiuin, Ludwig; Tkeelta, Ludwig 
(Fig. IV. 10); Piolus, Oken (Fig. IV. 8). R Without distinct creeping 
sole — Thytme, Oken (Fig. IV. 11); Orcula, Troschel; Phyllophortu^ Gmbe ; 
all with scattered podia (generally). With podia more or less restricted 
to the radii ; Cucumariay Blainville (Fig. IV. 1, 2, 3, 4, and 6 ; Pteudo- 
cucumif^ Ludwig ; Aetinoeucumu, LvAyfig; EchinocuevmU, San; Sphriero* 
t^iifta, Lndwig (Fig. IV. 9). C Fla«Jc-shaped, with mouth and anus close 
together — Rhopalodina^ Gray (Fig. IV. 7). 

The Cucumariidae are distingaished by the possession of delicate re- 
tractile arborescent tentacles (Fig. IV. 3 and 4). Frequently the two 
median ventral tentacles are smaller than the others (Fig. IV 3), as in species 
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fto. IV. 

1.— OnmiiiaKa ptnSaeUi (LInn.X opened along the right of the median donel line ; the 
rtght reepintory tree hM been cnt ahort. S.^S|iicnle ; S.— Oxal view ; and 4.--Left aide Tlew 
of^e aame. 

5.— Inner view of a retraeted C. ventaeteit flrom which the doraal region of the body-wall 
haa been removed, and the vlacera extracted, to ahow the action of the retractor moadea. 

6.— Portion of the calcareona ring of Omua (tiMra, Ludw. (After Ludwlg.) 

7.— Diagrammatic dnwing of Bhopalodina laueniUbrmiM. Gray. (After Lang.) 

S.--"I>orHir'vlewofIMMantarc(i<^(PhUippiX (After Tli«eU 

9. —Left aide view of Spkatntkuria biUHtaeuiata, Lodw. (After Ludwlg.) 

10.— TkMlta amImUitris, BelL 

ll.—Thyoiu/itntHO. P. MUIler). 

a, anoa ; a. r, anti*meeenterlal blood-veeael ; b.w, body-wall ; en.r, eakareooa ring ; e.e, dranlar 
waterwvaacnUr canal ; e(, cloaca ; o, gonad ; g.d, genital dnct ; g.p, genital pore ; i, inteatlne : 
i.p. Interradlal piece ; I.<i.r, left doraal radlna ; l.r.t, left reaplratory tree ; <.v.r, left ventiml 
radlna ; m, month ; «i.r, median ventral radlna ; m.v, meeenterial blood-veaael ; p, podium ; 
p,v, polian vcalcle ; r.e, radial canal ; r.d.rt right doraal radlna ; r.m, retractor mnaele ; r.p, 
mdiai piece ; r.r.t, right reepintory tree ; a, ereeping aole ; «.e, atone canal ; (, tentacle. 
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of Cticumaria and Psoitis ; in other cases several tentacles may be email, 
and these may even form an inner ring surrounded by an outer ring 
of large tentacles, as in Phyllophorus and Psetutacucumis, The stone- 
canal may be single or multiple. Five powerful retractor muscles, reach- 
ing from the body -wall to the radial pieces of the calcareous ring 
(Fig. IV. 1 and 6, r.w), serve to invaginate the anterior region of the body 
so as to withdraw the mouth and tentacles out of sight (Fig. IV. 5). The 
body-wall in the anterior region is thinner and often devoid of podia 
(Fig. IV. 1 1). Every stage is exhibited between the arrangement of the 
podia in a double row along the radii, as in Cucwmaria pentactes 
l^ig, IV. 4), and their distribution over the interradial areas, as in Thyone 
fmus (Fig. IV. 11). In Theelia they are nearly, and in Psobis entirely, 
reduced on the " dorsal " surface. This is correlated with the develop- 
ment of a very distinct creeping sole, to which the podia are restricted 
(Fig. IV. 10 and 8). In these genera the calcareous dei)osits in the dorsal 
region form large plates or scales ; five triangidar so-called " oral " plates 
close over the introverted anterior region, and small j^lates may surround 
the anus. In Colockirus and Actinociicumis somewhat similar valves are 
developed in front Although the spicules may be in the form of large 
perforated plates, sometimes produced into s])ine8, as in Sphaerothuria 
bitentaculataj Ludwig (Fig. IV. 9), they are more usually rods or knobbed 
buttons and plates (Fig. IV. 2). 

The calcareous ring in the Cucumariidae is very well developed, the 
pieces being large, and fi*equently made up of several plates fitting 
together. The radial segments, to which the retractors are attached, are 
generally produced backwards into two long processes (Fig. IV. 6). A 
more or less pronounced bilateral symmetry is often brought about by 
the unequal development or fusion of the pieces. Cuvierian organs 
have been described in Cticumaria frondosa and C. nigricans. The genital 
tufts are paired, and lead into a duct which usually opens to the exterior 
on a papilla wnthin the circlet of tentacles (Fig. IV. 1 and 3, g.p). 

In Sphaerothuria (Fig. IV. 9) the dorsal surface is reduced, the 
mouth and anus being approximated and the ventral radii much curved ; 
this process is carried to an exti'eme in the extraordinary genus Rho- 
palodina (Fig. IV. 7), where the body has assumed a fiask-shape, the 
mouth and anus are close together at the small end, while the radii are 
bent round. This appearance misled the early observers, who described 
Rhopalodina as having ten radii. 

Wliilst the Cucumariidae resemble the Holothuriidae in the posseflsion 
of well-developed respiratory trees, they differ markedly from all tlie 
preceding families in the shape of the tentacles and the presence of 
retractor muscles. 

Family 6. Molpadiidak. Neither tube-feet nor papillae. Tlie 
posterior region generally tapering. Mouth and anus terminal. Generally 
fifteen simple or digitate tentacles. Tentacle ampullae. well developed. 
Calcareous ring of five radial and five interradial pieces. Single stone- 
canal with an internal madreporite. Longitudinal muscle banda more 
or less paired. Respiratory trees present; Cuvierian organa rare. 
Genital tubes in right and left tufta Genera — A. With well-developed 
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retractor muscles ; tentacles digitate — Molpadia, Cuvier. R Retractors 
absent or rudimentary — Eupyrgus, Lutken ; Haplodactylay Grube ; 
Caudinaj Stimpson ; Trochcstoma, Dan. and Kor. ; Anhyroderma, Dan. and 
Kor. (Fig. I. 10). 



>ic. V. 

1.— Left tide view of Synaiyfa tltgitaln^ Mont. 

2.— The same oiiened up to tlie ri^flit of the inediAn " donal " line. 

3.— Diatjrrain of tlie water- vaacular syxtem of S, diffiUita illustrating the Paractinopod plan. 

4.— CiUftted unis; and 

0.— TranHvenie section through the radius and otocysts otS. digitata. (After Cuinot.) 

(i. — Anchor and anclior-plate of .S'. digitata. 

7.— Wliecl of Myi-iotroehtts Hinkii, Steenstrup. (After Danielssen and Koran.) 

(', anus ; an, anchor ; an.p, anchor-plate ; b.ir, body-^'all ; c.e, circular canal ; r.f, coelomie 
epithelium ; cm, circular muMles ; en, ciliated urn ; d.wus, doraal mesentery ; e.t, epinenral 
sinus ; g.p, genital ]x>re ; i, intestine ; l.g, left gonad ; m, mouth ; «««, mesentery ; «, nerve ; 
o.r, otocyst ; oe, oesophagus ; o.t, otolith ; jm.c, pseudhaenial canal ; r, rectum ; r.g^ right Konad ; 
r,me9, right mesenterial fold ; r.a, radial nerve ; s.c, stone-canal ; U, stomach ; (, tentacle ; l.e, 
tentacle canal ; v./.m, median ventral longitudinal nmscle. 

The Molpadiidae are rounded forms, with generally a tapering, tail- 
like, posterior end. The tentacles are simple processes, or of lobed or 
digitate shape. Their ampullae are large and free, except in Eupyrgtu (1). 
There are no podia, unless they be represented by the anal papillae. Ab 
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in the preceding fiunily, the calcareous ring is well developed, often 
bilaterally symmetrical, and with radial pieces strongly forked behind. 
In TroehosUma and Ankyrodgrma the stone-canal is still connected with 
the body-walL Cuvierian organs have been described in Molpadia 
chUentu^ J. MillL The calcareous spicules are very similar to those of 
the Cucumariidae, except in Ankyroderma^ which has peculiar anchor*like 
spicules (Fig. I. 11), somewhat resembling those found in Synapta 
(Fig. v. 6). TrDchotiUma has red calcareous deposits. 

The presence of retractor muscles, the structure of the calcareous 
ring, and the general anatomy of the Molpadiidae indicate their close 
relationship to the Cuciuuariidae. 



Obd£r 8. Paraetinopoda, Ludwig. 

The five radial canals have disappeared in the adult There are no 
tube-feet or papillae, and the tentacles are supplied directly from the 
circular canal (Fig. V. 3). 

Familt, Stnaptidab. Body cylindrical and elongated. Mouth and 
anus terminal Tentacles pennate or digitate. Tentacle ampullae small 
or rudimentary. Calcareoir-^ ring of five radial, and frequently more 
than five interradial, pi.^es. One or more internal madreporites. 
Auditory vesicles on the radial nerves. Circular muscles iminterrupted 
at the radii. Longitudinal muscles as a rule unpaired. Neither respira- 
tory trees nor Cuvierian oigansi Ciliated funnels on the coelomic epi- 
thelium. Genital tubes in right and left tufts, often hermaphrodite. 
Calcareous spicules as wheels, ancliors, eta Genera — ^A. Spicules various ; 
no wheels in the adult. Synapta^ Eschscholtz (Fig. V. 1); Anapta^ 
Semper. B. With wheek — Chtridotay Eschscholtz ; Troehodota, Ludwig ; 
Trockoderma, Thi^el ; MyriotroehuSy Steenstnip ; Acanthotrochitiy Danielssen, 
& Koren. 

The tentacles of the Synaptidae vary in number from ten to twenty- 
five. When they exceed ten in number there is usually a corresponding 
increase in the number of the interradial pieces of the calcareous ring. 
The radial pieces are often pierced anteriorly. There are some very 
characteristic spicules, such as the many-spoked "wheels" (Fig. Y. 7) 
of some genera (and in the larva of Synapta), and the andiors and 
anchor-plates in Synapta (Fig. Y. 6, ah, an.p). The perforated anchor- 
plates lie in the cutis parallel with the sur&ce, whilst the ** shank" 
of the anchors rest against them, the "arms" projecting towards the 
surface. They aid locomotion (Ostergren, 1897). A pair of auditory 
vesicles, or otocysts, has been found at the base of the five radial 
nerves in Synapta and other forms (Y. ox). Sense organs, some pig- 
mented and perhaps representing eyes, occur in some species on the 
tentacles. The radial water-vascular canals, which are absent in the 
adult, are temporarily developed in the larva (Fig. I. 8, r,e.c). The 
tentacular canals, coming from the circular canal, may branch and 
supply several tentaclea The layer of circular muscles is not inter- 
rupted at the radii, as in the Actinopodct, Retractor muscles are de- 
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veloped in some species of BfMipUi and (MriioUk, Very remarkable are 
the funnels or ciliated nms (Fig. V. 4, cii) situated on the mesentery, 
and sometimes also on the inner sur&oe of the body-walL These cup- 
shaped organs, the function of which is obscure, are attached by stalks to 
the epitheiiimi, and may be joined together into large bunches (Chiridota). 
The genera Synovia, Anapta, Chiridotaj and Troch4)dota are herma- 
phrodite. The genital pore is situated behind the tentacles (Fig. V. 2). 

The absence of radial water- vascular canals, and of interruptions in the 
circular musculature, as well as the presence of ciliated urns, distinguish 
the Synaptidae from all the preceding funiliesL The first of these 
characters has no doubt been secondarily acquired, since the canals are 
present in the larva; correlated with this reduction is the method of 
progression by means of the tentacles and of contractions of the body- 
waU, accompanied by the entire disappearance of podia. On the other 
hand, the shape of the tentacles, the spicules, the presence of retractors, 
indicate a distant i-elationship to the Molpadiidae. 

Phylogeny of tlie Holothnrioidea. — It has been shown above 
that the Actinopod Holothurians fall into two groups. In the first, 
containing the Holothuriidae, Elpidiidae, and Pelagothuriidae, the 
tentacles are more 01 less peltate ; the calcareous ring is radially 
symmetrical and of simple stnicture, it may be reduced and even 
absent; the stone-canal often retains its primitive opening to the 
exterior ; the genital tubes are sometimes restricted to the left side ; 
there are never retractor muscles. In the second group, containing 
the Cucumariidae and Molpadiidae, the tentacles are simple or 
branched, never peltate; the calcareous ring is much developed, 
with posterior prolongations, and often bilaterally s}anmetrical ; the 
stone-canal always opens internally ; there are always right and left 
tufts of genital tubes; retractors are generally developed. The 
two groups, then, probably represent two diverging stems, arising 
from a common ancestor possessed of respiratory trees. The Syn- 
aptidae would appear to have come off far down the Cucumarian 
stem, perhaps in common with the Molpadiidae. These relation- 
ships may be expressed in the following diagram : — 

PeUgothuriidae. 
^^ Klpidiidae. 



olothorUdM. 

Holothurioidaan. 

anoattor. 

^Goeunariidae. 




Synaptidae. 
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Little is known concerning the origin of the class. It may, 
however, safely be conjectured that the Holothurians are derived 
from an Echinoderm ancestor with five typically developed radii, 
along which ran branches of the nervous and water-vascular systems, 
the latter provided with podia. The outward bilateral symmetry 
of the Holothurians seems to have been secondarily acquired in 
connection with their free-moving mode of life.^ 
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CHAPTER XIV. 

THS STSLLSROIDEA.^ 

CLASS 11. STELLEROIDEA. 

Sub-Class 1. Asteroidea. 

Order 1. PluuieroaoniA. 
„ 2. CryptosBonia. 

Sub-Class 2. Ophiuroidea. 

Order 1. Lysophiwae. 
„ 2. Streptophioxae. 
„ 3. Cladophioxae. 
„ 4. Zygophinrae. 

The class of the Stelleroidea includes the starfish, brittle stars, 
sand stars, basket-fish, and branching stars, all of which are 
characterised by a depressed stellate body composed of a central 
disc, whence radiates a number of rays or arms. They have 
radiately arranged genital organs (i.e. are actinogonidial) ; they are 
not attached by the aboral surface, nor is the oral surface furnished 
with ciliated food-grooves (i,e. are eleutherozoic) ; and they usually 
have the podia limited to the lower half of the body (i,e, are 
lysactinic), instead of having them continued upward to the apical 
plates, as in typical sea-urchins (which are desmactinic). The 
radial water-vascular vessels lie along the under sides of the arms, 
and are exterior to the ambulacral ossicles. The aperture of 
the water-vascular system or madreporite is not connected with 
the apical plates, as it is in all the Echinoids except Echinocysiis, 

This list of characters is quite sufficient to mark off the 
Stelleroids from all other Echinoderms. The class is divided into 
two groups — the Asteroidea and Ophiuroidea — each of which is 
usually ranked as a distinct class, but no definite line of separa- 
tion can be drawn between them. The two characters on which 
reliance is generally placed are the presence of an ambulacral 

^ By J. W. Gregory, B.Sc. MS. doeed at end of 1896. 
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groove in the Asteroids and its absence in Ophiuroids ; and the 
restriction of the digestive and generative organs to the disc, and 
consequent sharp distinction between body and arms, in the latter. 
The first character is unreliable, as in the living Ojphioieresis there 
are no ventral plates, and a shallow ambulacral furrow is accord- 
ingly present. One order of fossil Ophiuroids — the Lysophiurae 
— has the same feature more strongly marked. The differentia- 
tion of the body into disc and arms happens in most Ophiuroids, 
but also in some Asteroids, e.g. FreyeUa. The restriction of the 
digestive organs to the disc appears to offer a more reliable 
character; but in Asirophiura the arms are sharply marked off 
from the disc and contain no digestive caeca, while the ambulacral 
ossicles are asteroid. Similarly the digestive and genital systems 
of the Asteroids, Colpader, and some species of Freydla must be 
limited either to the well-marked disc, or at most to the bases of 
the arms; while the arm structure is practically identical with 
that of some Palaeozoic Ophiuroids. It must be remembered, 
moreover, that the digestive sac of Ophiuroids is marked by a 
series of radial bulgings, which may be homologous with the 
radial caeca of Asteroids. The position of the madreporite is relied 
on by Perrier, but it will not serve ; in the Asteroids, Asterhm^ 
and Palasteriscus it is ventral, as in most Ophiuroids. 

Not only is there no character which serves to separate the 
Ophiuroids and Asteroids, but the whole structure of the body is 
on the same plan in both groups. It consists in both of a central 
disc and a series of (usually five) radial rays. The skeleton in 
each ray consists essentially of two series of plates — the ambu- 
lacral and adambulacral. The former lie internal to the radial 
water-vascular vessel, and the furrow which this occupies is later- 
ally protected by the adambulacral plates. Additional elements 
may occur, but are not found in all members of either division. 
The mouth armature consists of a ring round the mouth, formed 
by the union of one or more pairs of ambulacral and adambulacral 
plates for each arm, and bearing spines modified to serve as teeth. 
The body is protected by accessory plates or granules in the integu- 
ment ; these plates may be protected by spines and pedicellariae. 

The alimentary system consists of a central digestive sac, 
opening by a mouth at the centre of the ventral surface ; the size 
of the digestive sac is increased by radial bulgings, of which there 
are as many pairs as the Stelleroid has arms ; these bulgings may be 
short and limited to the disc or base of the arms, or extend up 
the arms. There may or may not be an anus. 

The water-vascular system consists of a ring round the 
oesophagus ; a radial vessel runs up each arm from the ring, which 
also bears a series of Polian vesicles, or sac-like diverticula. The 
radial vessels give off a pair of branches in each segment ; each 
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branch ends in a podion, which may be pointed, or may end in a 
sucker. Connected with each podion there may be a globular 
ampulla (absent from some Asteroids, t,g, Brismga and from all 
Ophiuroids). The madreporite in either group is dorsal, marginal, 
or ventral. The nervous system comprises a circumoesophageal 
ring and a radial branch along each arm or ray. 

The reproductive organs consist of strands connected with the 
axial coelomic system ; there is a central ring whence a pair of 
strands pass to each ray. A number of small gonads occur on 
each strand ; the gonads of each strand may be grouped into one 
bundle, with a common aperture at the margin of the disc (as in the 
Asteroid Asterias and the Ophiuroid Ophtothrix) ; or they may occur 
only at the bases of the arms, as in Freydla ; or they may occur as 
a series of distinct gonads with separate apertures, as in Brisinga and 
Opkiadis. In most Ophiuroids the gonads discharge into a bursa. 

As both Ophiuroids and Asteroids are therefore constructed 
upon the same fundamental plan, as they contain the same varia- 
tions from the typical arrangement, and as there is not a single 
constant difference between them, it seems indispensable that they 
should be united into one class, the Stelleroidea, which may be 
diagnosed as follows : — 

Eleutherozoic, actinogonidial, and lysactinic Echinoderma in 
which ambulacral plates lie internal to the radial ambulacral vessels. 
The madreporite is not connected with an apical system of plates. 
The body is more or less depressed, and is markedly stellate. 

In spite of the fact that the separate treatment of the Asteroids 
and Ophiuroids has led to many unfortunate errors, and still 
hampers the classification of the group, it seems advisable here 
to consider the sub-classes separately. 

Sub-Class 1. Astsroidsa. 

The sub-class Asteroidea includes the Echinoderms known as 
Starfish. The animals consist of a central body marked on the 
ventral side by a series of radial furrows which are usually continued 
outward along prolongations of the body known as arms. They 
live on the sea-floor and creep about by means of suckers or podia in 
the radial furrows, the side containing which is always placed down- 
wards. The general aspect of starfish is therefore very different 
from that of any of the previously described groups of Echinoderms. 
They are closely related to the Ophiuroids, and no very satisfactory 
line of demarcation can be drawn between the two sub-classes ; but 
the Asteroids usually have diverticula from the alimentary canal 
extending along ohe arms, which pass gradually into the disc. 

Before 1841 the Asteroids and Ophiuroids were always considered 
members of one group. Thus J. H. Linck (23), who in 1733 began 
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the systematic study of the Stelleroids, included members of both 
sub-classes in his group *^ Stella." He separated the Asteroids as the 
Siellae fissae, which he divided according to the number of arms or 
rays into such divisions as TrisadiSf Teiractis, Hexadis, etc. Linnaeus 
in 1766 included both sub-classes as well as some unstalked 
Crinoids in his genus AsieriaSy grouping all the starfish together as 
<' Stellatae." Lamarck in 1816 (21), de Blainville (1830 and 
1834), Nardo and Brandt (1834), and L. Agassiz (1835) proposed 
various divisions of Astei-uis, which these authors recognised to be 
a family or order. In 1840 Gray's Synopsis, and Miiller and 
TroscheFs essay, Ueber die Gattungen dei- Asferien (35), first prepared 
the way for a scientific classification. In 1842 the latter authors' 
System dei' Astemlen (36) laid the foundation for all later work. 

After that date additions to our knowledge of the recent Asteroids 
have been made by many authors, especially A. Agassiz, Barrett, 
Bell, Danielssen, Fewkes, Forbes, Gray, Jullien, Koren, de Loriol 
le Fort, Liitken, Marenzeller, Martens, Moebius, Perrier, Philippi, 
Sars, Sladen, £. A. Smith, Stimpson, Studer, Thompson, Verrill, 
Viguier. The fossil forms have been described by £. Billings, Eck, 
Forbes, £. Fraas, Goldfuss, Heller, Hall, de Loriol lo Fort, Miiller, 
C. F. Roemer, Salter, Simonowitsch, Stiirtz, Wright, and others. 

The study of the anatomy of Asteroids received its first stimulus 
from the researches of Joh. Miiller (34). The skeleton has been 
described by Meckel (1828), Duvernoy (1848), Gaudry (13), and 
especially Viguier (52). Perrier has devoted most attention to the 
pedicellariae (1875 and 1884). The study of the visceral anatomy 
was begun by Tiedemann, Delle Chiaje, and Meckel ; and of the 

nervous system by Krohn. 
The present position of the 
subject is due mainly to 
Ludwig (25), Cu6not (8, 9), 
and Hamann (17). 

The embryology has 
been worked out by many 
authors, the study of the 
early stages being unusually 
easy; among contributions 
to this branch of the subject 
are those of Joh. Miiller 
(1848-55), A. Agassiz 
(1877), Ludwig (1882), 
j.^^ J MacBride (1893 and 1894), 

Actinaliurflujeof^«««rtajn»5en«witli»podion(a) (32, 33), and Bury (1889 
enlarged. j^^d 1895). 

The principal classifications after those of Gray, and of Miiller 
and Troschel, are those of Viguier (1878), (52), based on the oral 
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Fio. 11. 

AsterioH rit'ieiw, iiart of abac- 
tiual likoietoti. 



skeleton, of Perner (1884 and 1894), (38), on the pedicellariae, 
andofSladen (1889), (48). 

Structure of a Typical ABteroid.— The common English star- 
fish (Astericts rvbenSy L.) is a convenient type of the Asteroidea. It 
has a flattened body composed of a central disc from which radiate 
five arms (Fig. I.). The upper or abactinal surface of the Body is 
covered by an integument or perisoma (Fig. IL), composed of a 
network of calcareous rods, the meshes between which are closed 
by tough membrane. The anus opens almost 
in the centre of the abactinal surface. 
Between the anus and one of the angles 
between the rays occurs the madreporite, a 
thick grooved plate, perforated by pores 
leading to the water-vascular system. 

The ventral surface of each Arm is tra- 
versed by a broad groove ; since the grooves 
radiate from the mouth to the ends of the 
arms, the ventral surface is known as the 
actinal surface. The mouth is at the centre 
of this side of the body, and is surrounded by spines (the " mouth 
papillae "). The grooves are occupied by four rows of suckers or 
podia, and therefore correspond to the ambulacral areas of the 
Echinoid. On either side of the grooves are three rows of spines. 
Dissection is necessary for the recognition of any further points 
in the structure of the Aderias. By the removal of some of the 
podia, the ambulacral grooves may be seen to lie outside a series 
of pairs of narrow plates — the ambulacral ossicles (Fig. III.). The 

two series of ossicles meet 
in the middle line ; laterally 
they abut against a row 
of adambulacral ossicles, be- 
yond which are further rows 
of interambulacral and mar- 
ginal ossicles, all of which 
are comparatively small. The 
ossicles are protected by spines and pedicellariae similar to, but 
simpler than, those of Echinoidea. 

The Oral Skeleton (or actinostomial ring) consists of a solid 
calcareous ring around the mouth. It is composed of thirty plates 
in a quinqueradiate starfish, there being always six times as many 
plates as there are rays. Each segment of. the oral skeleton con- 
sists of two pairs of ambulacral, and of one pair of adambulacral 
ossicles. In Aderias the ambulacral plates are more prominent 
than the adambulacrals, and project into the oral cavity. The 
mouth armature is therefore on the ambulacral type (Viguier, 
52). 

16 




AtUritu rubtnSf auibiilocFal ami aclanibulacral platen, 
a, apertums for podia. 
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The Alimentary System consists of a mouth at the centre of 
the actinal surface of the starfish. The oesophagus is very short 



Fio. IV. 

AiUHat TMhtiiM. I. ray fh)iii wliich tlie skin of tlie abaaiiiAl surflftce Iim been rpmovfd 
and the outgrowths (c) diaplAced, showing the auibuUcral ossicle:* {ao)\ the suckera («), 
9. gonsds in ray II ; a, anus; «;>, stomach, the folded arrangenieut of the walls of which are 
shown by removal of part of the upper wall at the base of ray V. From F. J. Bell, (Vita/ogire 
i^nnt/^ E^inodvrrM in tht Brit. 3f««. (A'a(. i/M.). 
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and leads to a large stomach, which occupies most of the disc. 
From the stomach five branches pass off, one to each ray. Each 
branch divides into two caeca, which lie one on either side of the 
ray. From the stomach a short rectum leads upward to the anus, 
which opens on the abactinal surface at a little distance from the 
centre. Two small longitudinally folded diverticula from the 
rectum occur below the anus. These rectal caeca occupy a 
similar position to the " respiratory trees " of Holothurians, with 
which they may be homologous. 

The Water-Vascular System consists of a circular vessel round 
the oesophagus (the circumoesophageal canal or water- vascular ring), 
from which, in a five-rayed starfish, there are eleven offsets. The 
most important are the five radial canals, one of which passes 
along each ray, just external to the ambulacral ossicles. From 
these radial canals branches are given off on either side; each 
branch ends in a tubular podion, which consists of an internal 
reservoir or ampulla situated above the ambulacral ossicles, and of 
an external tube or sucker. Valves occur on the transverse branches, 
and prevent water, expelled from the ampulla, returning into 
the radial vessel ; they thus direct it into the sucker. The next 
set of offsets from the circumoesophageal canal are five sac-like 
" Polian vesicles," one in each interradius ; they act as reservoirs 
for the water- vascular system. The last (eleventh) vessel on the 
circumoesophageal canal is the "stone-canal," which runs from 
the base of one of the Polian vesicles to the upper surface of the 
starfish. It expands above, and its upper end is attached to the 
madreporite, through the pores in which water enters the water- 
vascular system. 

The circumoesophageal canal also supports nine tufts of 
tubules known as Tiedemann's bodies; there is a pair of tufts 
in each interradius, one on either side of the base of the " Polian 
vesicle," but in the interradius containing the stone-canal there is 
only a single Tiedemann's body. 

The presence of a blood-vascular system in Asteroids is not yet 
determined, the organs described as such belonging to the Pseud- 
haemal System (cf. pp. 22, 26). The main organ in this system 
is the "axial sinus," which is a rather thick vertical tube sur- 
rounding the stone-canal. It communicates below with a ring (the 
circumoesophageal pseudhaemal ring), which surrounds the mouth 
and gives off five radial branches, which pass one along the upper 
side of each ray. At its upper end the axial sinus communicates 
with the genital ring ; attached to this ring are five pairs of short 
processes, while an additional pair passes beside a prolongation of 
the axial sinus leading to the madreporite. Some of the pores of 
the madreporite open to the axial sinus, and there is no known 
direct communication between the latter and the stone-canal. 
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The NervouB System consists of three disconnected sets of 
nerres. The most important set is composed of a circumoral 
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ring, from which a branch runs up each ray between the rows of 
tube-feet, and external to the pseudhaemal radial vessel. Each 
branch gives off nerves to the tube-feet and ectoderm of its ray. 
The second set of nerves consists of bands lying internal to the 
radial branches of the first set ; they lie along the perihaemal canal, 
which surrounds the pseudhaemal vessel ; the branches from these 
nerves supply the muscles of the ambuiacral ossicles. The third 
group of nerves is abactinal in position; there is a ring round 
the anus, giving off a branch along the upper side of each ray, and 
innervating the muscles of the body wall. 

The Oenital Organs of Astemts consist of ten branched glands. 



Fin. VI. 
Cnldta grrx. 

a pair being situated on the dorsal side of each ray close to the 
disc. Each gland has a separate aperture on the abactinal surface. 

The only special respiratory organs are a series of long, tubular 
prolongations of the Ixnly - cavity, known as papulae, dermal 
branchiae, lymph gills, or branchial vesicles. In Asterias they 
occur on all sides of the rays and disc. 

The most interesting sensory organ of Asterias is a small 
eye-spot on the terminal podion of each ray (Fig. XXV. on 
p. 30). The animal has an olfactoiy sense, for it will follow 
food, even after the eye-spots have been destroyed ; the situation 
of this sense is diffuse, for any part of a starfish arm that can 
move independently will follow food (Romanes) ; but Prouho 
limits the sense of smell to a few podia near the end of the ray, 
which he calls " palps." 
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The Variation8 in Straetture from the typical genus are less 
remarkable among the Asteroids than among the Echinoids and 
Ophiuroids. 

In shape the extremes are genera such as Bruinga (Fig. Y.) or 
Freyella, and CvIcUa (Fig. VI.). In the first two the arms are 
numerous and slender, and sharply marked off from the disc. In 
the last the body is bun-shaped, and the ambulacra extend for a 
short distance over the abactinal surface. 

The most conspicuous variation from Asierias in skeletal 
structure is due to the presence of a series of thick plates round 
the margin both of arms and disc. These marginal pLites are 
best developed in the order Phanerozonia. There may be two 
series, one above the other, and known respectively as supra- 
marginals and infra -marginals (Fig. VII. d and c) ; in some 
genera intermarginal plates occur between these two series. 

The spaces (actinal interbrachial 
areas) between the marginal 
plates and the ambulacral fur- 
rows may be occupied by a 
series of accessory plates, form- 
ing a pavement like mosaic. 

The accessory plates on the 

abactinal side may be large or 

small, equal or luiequal. In 

pj^ yjj some species the central plate 

Segment of ann of ^■^«,;,^/<Hi,^,«/ar(^ .. '« j^lg^* »"^ 8^"^« ^^ ^^^ ^e- 

impnminbuiacrBi piateB ; fc, ambnUcrai puteH ; mainmir platcs are arranged in 

r and «/, Inferior and KUperior lateral platen : r, .1 j -^ mi. 1 ^ r 

dowai putcs with paxiuae. Circles Tound It. The plates of 

three of these circles have been 
regarded as the homologues of the calycinal plates of Crinoids, and 
are accordingly sometimes named the radials, basals, and infra- 
basals (but see p. 14). In Cnemidiaster tvyvillei the central, and 
the so-called radials and basals are present; in Zoroaster fulgens 
there are infra-basals as well. The order of development of these 
plates is as follows : — First five plates appear round the centre 
of the abactinal surface ; these plates move outwards to the arm- 
tips, and form the terminals ; a second ring appears, the plates of 
which are the " basals " ; the central plate next develops in the 
centre of this ring ; the radial circle follows, and after that come 
the '* infra-basals." Between the plates of the last set and the 
central some genera have additional plates, which cannot be 
homologised with any in Crinoids. 

The Oral Skeleton consists of a ring of plates round the mouth. 
The nng is composed of as many segments as the starfish has rays, 
and each segment is interradial, and forms an " oral angle " ; it 
consists of two sets of plates, usually three in number. 
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The oral skeleton is described as either ambulacra! or adam- 
bulacral, according as the ambulacral or adambulacral plates 
are the more prominent. Viguier, in his important memoir on 
the skeleton of the Asteroids, pointed out the existence of these 
two types, and based his classification upon this character. As we 
have seen, in the genus Asierias the oral skeleton consists of a 
solid ring, in which the ambulacral plates form five prominences, 
while the adambulacral plates are small, and occur in the angles 
between them. Such a mouth-structure is described by Viguier as 
"ambulacral." In Peniaceros {Oreasier\ on the other hand, the 
ambulacral plates are inconspicuous, and the adambulacral plates 
project into the buccal cavity and form the jaws. This type is 
Yiguier's " adambulacral mouth." In both cases above the adam- 
bulacral plates is a basal, interbrachial, or oral plate which is 
called by Viguier the odontophore, although it does not 1)ear the 
teeth ; its value is of secondary importance. 

The Pedicellariae of Asteroids are of four main types. The 
simplest form consists of a row of pairs of small, sessile, oppo8a))le 
spines; these are the " pseudo-pedicellariae." The members .oT 
the second set are ** sessile.'' The next advance is the develop- 
ment of a stalk; of these pedunculate pedicellariae there are 
two varieties : (1) the " f orficiform," in which the two hooks are 
attached to the nearest end of the basal plate nearest to them ; 
(2) the *' forcipiform," in which the two hooks cross one another 
and are attached to the end of the basal plate furthest from them. 
Perrier has used the pedicellariae as the basis of his classification 
of the Asteroids, on the ground that they are the degenerate repre- 
sentatives of organs once more important. Other authors, however, 
regard them as modified and elaborated spines, in which case they 
are of little taxonomic value. 

Another type of spines occurs as part of the structures known 
as " paxillae." Each paxilla consists of a thick plate supix>rting a 
number of short, calcareous pillars, the summit of each of which 
is covered by a group of small spines. In some Phanerozonia, such 
as Asirapecten, the paxillae occupy almost the whole abactinal 
surface of the Asteroid (Fig. VII.). 

The Water- Vascular System is on the same plan as in Asfenas, 
but there are the following modifications : — In most starfish there 
is a pair of Polian vesicles in each interradius ; they rise from the 
circumoesophageal vessel beside the Tiedemann's body. The 
radial branches and its podia are simplified by the absence of 
ampullae, as in Brisinga^ or by the podia ending in points instead 
of suckers, as in the Astropectinidae. Suckers are improvised in 
such pointed podia by a contraction of the walls below the end. 

The number of madreporites is very variable among the 
Asteroids; in most of those with many rays there are several 
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madreporites, but in the Solasteridae there is but one ; on the 
other hand, many five-rayed starfish, such as j^erias capensiSf have 
more than one. The stone-canal is repeated,^ especially in forms 
which reproduce asexually. 

There is no anus in the Astropectinidae, the mem1>ers of which 
are more primitive than Asieiias in many respects. The radial caeca 
of the stomach remain constant, but the rectal caeca vary in number 
and arrangement ; they are increased to five in many genera, and 
in Ciilciia each of the five caeca branches into two. 

The "papulae" or branchial vesicles, which, in Asterias^ rise 
from all parts of the external surface, are limited among Phaner- 
ozonia to the abactinal surface, and to the area enclosed 1)y the 
supra-marginal plates. 

The Genital Organs are, as a rule, less concentrated than in 
Arenas, The glands are repeated along the arms ; in the simplest 
cases each series discharges its products by a single sieve-plate. 
The extreme case is in Biisinga^ where there are a series of separate 
glands along the arm, one pair to each segment, and each gland 
discharges by a separate ai)erture. 

In Asterina giltftosii the genital orifice is on the ventral or 
actinal surface, as in Ophiuroids. 

The development of the Asteroids is generally indirect, the larva 
passing through a metamorphosis. The typical form of larva is 
the Bipinmriiiy which passes through an AuriaUaria stage and thus 
resembles the larvae of the Holothurians rather than of the 
Echinoidea or Ophiuroidea (see p. 5). In some cases the Bipinnaria 
develops into a Brachidaiia by the division of the frontal process 
of the larva into three branches. In some genera, such ab Asterina 
(the development of which has been studied with especial care), 
the Bipinnaria stage is never developed, although the larvae are 
free-swimming and undergo metamorphosis. In other cases, e.g. 
in Blakiasfer and Fteraater, the development is direct; in the 
former case, the ova develop in " arcade-like spaces " between the 
paxillae of the abactinal surface; in the latter there is a large 
marsupium formed by the presence of a supra-dorsal membrane 
rising above the abactinal surface. 

Asexual reproduction is not uncommon ; it results either from 
a division of the body, approximately into halves, or by regrowth 
of the disc from an arm that has been thrown ofi". The latter 
method occurs especially in Linckia, and with the first appearance 
of the disc the starfish is said to assume the comet form. 

Proceeding to the Systematic Description of the orders and families, 
we may sum up the foregoing characters in the following DlAgnosiB of 
the Sab-dass.^ The Asteroidea are clcutherozoic, actinogonidial, and 

' Emended from Bell (4), p. 19 ; the terms are explaineil, antea, p. 237. 
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lysactinic Ecliinoderiiis in which there is an ambulacral groove. The 
arms generally pass gradually into the disc, but in some cases are 
sharply marked off from it. The digestive system generally has an nnun, 
and shares in the stellate dinposition of the body. Pentanieric repetition 
is more often exceeded in this than in any other class, and asexual repro- 
duction is not uncommon. Respiration diffuse. The madreporic aperture 
is generally abactinal. 

This diagnosis at once shaqjly separates the Asteroids from all 
Echinoderms except Ophiuroids, between which, as we have seen (p. 238), 
it is not possible at present to draw any pi-ecise line of separation. The 
Asteroidea, however, always have an open actinal groove, whereas this 
is exceptional among the Ophiuroidea ; the arms usually pass gradually 
into the disc, and generally contain tliroughout prolongations of the genital 
and alimentary systems, 

OuDBR 1. Fhaaerosonia, Sladen. 

Asteroidea with large marginal plates, and with the dermal branchiae 
or lymph gills limited to the abactinal surface. 

This order includes a group of starfish which began in the Cambrian 
age and has lived on till the present time. Its members can be readily 
distinguished by the large size of the marginal plates. The limitation of 
the dermal branchiae to the abactinal surface is a more primitive con- 
dition than that met with in the Cryptozonia. Embryological evidence, 
and the greater importance of the order in the Palaeozoic and Mesozoic 
eras also su^^gest that this is the simpler of the two orders of star- 
fish. 

The Palaeozoic genera appear to be normal members of this order, 
and some of them may 1)e included in existing families. They are, how- 
ever, often all grouped together as an order, the " Pala'asteroidea,'' and 
separated from all the later, or " Euasteroidea." Tlie character on which 
this separation is based is the alternation of the ambulacral ossicles in the 
former, whereas they are said to be always opposite in post-Palaeozoic 
Asteroids. This character is of great importance among Ophiuroids, for 
when the ossicles are alternately arranged, they cannot be united into verte- 
bral ossicles. But when the ossicles are narrow, thin plates, closely packed 
into two series, one on either side of a ray, and when the sejiaratc ossicles 
meet those of the other side only by their narrow ends, then alternation 
is very likely to arise from growth pressure. In fact, one ])art of an 
arm may have the ambulacral ossicles alternate, while in another part 
they may be opposite. The character, moreover, is one on which little 
reliance can be placed when applied* to fossils, for a slight movement is 
sufficient to alter the relative positions of the two series. It is difficult 
to explain the relative positions of the ambulacral ossicles in different 
arms of the same Asteroid, except on the assumption that the two series 
moved past one another during the lateral bending of the arm. Alterna- 
tion of the ossicles was probably an original character ; but as the arms 
became flexible with the reduction of the external skeleton, and as the 
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ambulocral ossicles became narrower, greater freedom was gained by the 
opposition of the two plates of a pair. The artificial nature of the 
divisions based on this character is shown by Stiirtz's action in dividing 
several of his families into halves and placing members of the same 
family in two dififerent orders. Thus he foundeil a family Palosechin- 
asteridae for the genera Echinagterella and PalagtertKUs ; but he indudeil 
tlie latter among the division with alternate ambulacra! ossicles, and the 
former in the division in which these ossicles are opposite. As the 
'* PaloDosteroidea " include representatives of both Phanerozonate and 
Cryptozonate Asteroids, and of several families of each, it is necessary to 
diainember such an artificial group. 

Familt 1. PALiBASTERlDAE. Pbanerozonia with most or all of the 
ambulacral ossicles alternate ; the madreporite is dorsal. Oral armament 
odambulacral. Abactinal skeleton tessellate. Rays long, disc small. 
This family includes a series of Asteroids occurring in the Lower 
Palaeozoic. In most of them the ambulacral ossicles are alternate, 
but in some cases these plates are opposite, either for a part, or for the 
whole length of the arm. Hence this character docs not seem to be of 
the value assigned to it The marginal ossicles are always conspicuous, 
and, as far as is known, the madreporite is fairly small and dorsal in 
position. The oral skeleton consists of a ring in which the adambulacral 
plates are most conspicuous. There are two sub-families. Sub-Familt 1. 
Pal^asabtbrinae, in which the ambulacral ossicles are alternate. Qenera 
— Palfeasterj Hall; Argiuder^ Hall; (J) Monaster^ Eth. jur. ; and (/) 
Pdraster^ Billings pars. The genera are all Palaeozoic, ranging from the 
Cambrian to the Devonian. Among existing families the nearest ally is 
the Archasteridac. Sub-Familt 2. Xbn^stsrinab, including those 
with moot of the ambulacral ossicles in opposite pairs. Qenera — Xeruuter^ 
Simonowitsch; Tetratter^ £tli. jnr. & Nich. 

Family 2. Palaabterinidab. Pbanerozonia with alternate ambn- 
lacral ossicles and small marginal plates. The oral armature is adam- 
bulacral The madreporite is abactinal. The rays are short and are 
separated by large interradial areas. Genera — PdUeatUrina^ M*Coy; 
Svkoenastery Meek & Woi-then. 

pAMiTiT 3. AspiDOSOMATiDAE. Phauerozouia with alternate ambula- 
cral ossicles ; large marginal ossicles and large interradial areas ; rays 
massive, petaloid, sub-petaloid, or tapering. On the abactinal surface 
there arc large depressed areas between the marginal ossicles and the 
outermost of the longitudinal series of large plates which run along the 
arms. Genera — AspidMoma^ Goldf. (the type-species is A, Amoldi, but 
as this is imperfectly known, A. peUdoideSy Simonowitsch, may be 
accepted provisionally) ; PcUaeonedria^ Stiirtz ; Palaeostella^ Stiirtz ; Trick- 
asteropsisy Eck ; ArchaderiaSy Mull., may belong here, but the genus is 
insufficiently known. 

Family 4. Taeniastsridab. Pbanerozonia with alternate ambulacral 
ossicles. There are neither disc nor interbrachial areas. Tlie adambu- 
lacral plates are large and act as marginal plates. The axes of the 
marginal plates are parallel and the rays petaloid (as in StetuuUr)^ or the 
axes of the marginal plates are convergent ; these plates bear spines on 



Digitized by VjOOQIC 



THE STELLEROIDEA 251 

their free ends, and the rays taper gradually (Toenio^^). Genera — 
Taenutstery Billings ; StenatUry Billings, pars (S, salierij but not 8, pul- 
chellui) ; both Ordovician of Canada ; Salteraster and Unuterella, M'Coy, 
Silurian, England ; ProUuteracauthion, Stiirtz, Devonian, Germany. 

Family 5. Archasteridae. Phanerozonia with opposite ambulacra! 
plates. There is an anus, but no super-ambulacral plates. Pedicellariae 
Are generally present. The abactinal plates are spiniform or paxillifonn. 
The adambulacral plates are large. This family includes a large number 
of Neozoic starfish, ranging from the Lower Oolites to the present day. 
They have frequently been included with the Astropectinidae, from 
which they diifer by the presence of an anus, by the large size of the 
adambulacral ossicles, and by the absence of supra-ambulacral plates. 
There are four sub- families, including sixteen genera. Sub- Family 1. 
Parachasterinae, comprising those in which the branchial vesicles or 
papulae are limited to an area at the base of the rays, and in which 
the actinal interradial plates are absent or are very few in number. 
Genera — Cheiraster, Studer ; Pararchaster^ Sloden ; Pectinaster, Perrier ; 
and Pontaster^ Sladen. Sdb- Family 2. Plutonasterinae, including 
tho8C with papulae scattered over the whole abactinal surface. There 
are numerous actinal interrodial platea Genera — Oretuuter^ Per. (non 
Ag.) ; Dytaster^ Slad. ; Goniopecten, Per. ; Lonchotaiter^ Slad. ; Perse^on- 
aster, Mason & Alcock ; Plutonasier, Slad.; Tethyaxter^ Slad. Sub- 
Family 3. Pseud ARCH A sterinae, including those with a definite median 
line of plates along the rays, and with the abactinal plates arranged 
in series parallel to the central line. Tliere are no pedicellariae. 
Genera — Pteudarchastery Slad. ; Aphroditaster^ Slad. Sub-Family 4. Arch- 
asterinae, including those in which there is a definite median line of 
abactinal plates, and the remainder are arranged in oblique rows. 
Pedicellariae present Genera — Acantharchaster^ Verrill ; Archaster^ Verr. ; 
Isaster^ Verr. The following genera are included by Sladen in this 
family, but not divided among the sub - families : — Benthopectai, Verr.; 
BlakiasUr, Per. ; Luidiastery Stud. 

Family 6. Porcellanabteridae. Phanerozonia with opposite ambu- 
lacral plates ; with thin lamelliform marginal plates, traversed by cribri- 
form organs. There are two sub-families. Sub- Family 1. Porgell- 
anasterinae, in which the cribriform organs are highly developed and 
limited to a few plates, and there are no fimbriated channels in the 
actinal interradial areas. Genera — CauUuUry Per.; Porcellanaster, Wyv. 
Thomson (Fig. VIII.); Styrac<igUr, HyphaUutery ThoracasdcTy and Pseud- 
asUfy Sladen. Sub-Family 2. Ctenodiscinae, in which the cribriform 
organs are simple and occur on the margins of each pair of marginal 
plates ; continuations from the cribriform organs run through the actinal 
interradial areas as ** fimbriated channels.'' Genus — CtenodiseuSy Miiller & 
TroscheL The most interesting features of this family are the develop- 
ment of the cribriform organs, densely packed groups of small spinelets or 
lamellae on some or all of the marginal plates. Their function is uncer- 
tain, but, according to Sladeo, *' it is not improbable they act as percolators." 
In some species of Astropeden the marginal ossicles are bordered by 
fringes of small spines, which A. Agassiz has compared to the fascioles of 



Digitized by VjOOQIC 



252 THE STELLEROIDEA 

Spatangoids (see p. 3 1 9). In CtmodiKUS the grooves between the marginal 
ossicles are bordered by bands of lamellae forming the simplest type of 
cribriform organs. In the rest of the Porcellanasteridae these organs are 
confined to a few special plates. In some species of this family the 
anus opens on the summit of a small tube. It rises from the abactinal 
surface of the starfish, and has been accordingly compared to the stem 
of Crinoids, an homology which is quite inadmissible. 

Family 7. Astropectixidae. Phanerozonia with opposite ambula- 
cral plates and paxilliform abactinal plates. Super-ambulacral plates are 
present, and the adambulacral plates are compressed. There is no anus, 
and pedicel lariae are rarely present. The compressed adambulacral plates 
and the presence of a series of super-ambulacral plates, which occur inside 



¥iu. VII r. 

Porcellanaster caerulcuf. Abncthml surface showing cribrifonn organs and anal tube. 

the arms above the ambulacrals, are the two most striking features of 
the Astropectinidae. The position of the super-ambulacral plates is 
shown in Fig. VII. There are two sub -families and nine genera. 
Sub-Family 1. Astropectininae, including those members of the family 
in which the adambulacral plates touch the in fero- marginal plates 
along the ray. The marginal and adiimbulacral plates do not corre8i)ond 
ih length or number. Genera — Astropertev, Schulze ; Bathybiastei\ 
Danielssen and Koren ; Cras^pidaster, Slad. ; Dtpsacasterj Alcock ; Blakiaster^ 
Per. (syn. Leptoptychaster, Smith), (F\f*. IX.) ; Monaster ^ Pharagfer, and 
Psilaster, Sladen. Sub-Family 2. Luidiinae. Astropectinidae with a 
row of small plates separating the adambulacral and infero- marginal 
plates. Genera — Astrella, Per. ; Lnidia^ Forbes ; Platasterias, Gray. 

Family 8. Pentaoonastkridae. Phanerozonia with opposite ambu- 
lacral plates, large marginal plates, and tessellate abactinal skeleton. 
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The arms are short and the shape of the starfish is generally penta- 
gonal. Sub -Family 1. Pentaqonastbrinab. Pentagonasteridae with 
rounded, polygonal, or paxillifomi abactinal plates. Genera — Anthenaides, 
Per. ; AiUrodoriy Per. ; Adrogonium, Miiller & Troschel ; CaUiaster^ Gray ; 
Callidermay Gray ; Chitoncuter, Slad. ; CompUmia^ Gray ; Dorigona, Gray 
(Nymphagtefy Slad.) ; Ooniodon, Per. ; HoplasUr^ Per. ; Iconader^ Slad. ; 
LeptasUr, Lor. ; Mediatter, Stimps. ; Metopaster^ Slad. ; MUelephatter, Alcock ; 
MUrasUr, Slad. ; Nedria, Gray ; OdontasteVy Verr. {GnaUhaster, Slad.) ; 
ParagonfuteTf Slad. ; Pentagonatter^ Schulze ; Phanerasier, Per. ; PycnasUr^ 
Slad. ; Bosasttr, Per. ; Stepkanaater^ Ayres. Sub-Familt 2. Goniodiscinae. 
Pentagonasteridae with flat, stellate, abactinal plates. Genera — Gonioditcus^ 



Fig. IX. 
Abactinal view of HippcutirUu phrygiana. 

MtilL & Trosch. ; Lqftogonaster, Slad. (included by Perrier in Archasteridae) ; 
SUllatteTf Gray ; Ogmoiter, v. Martens. Sub-Family 3. Mimabterinae. 
Pentagonasteridae with small, stellate, paxilliferous abactinal plates. 
The plates of the actinal intermediate areas imbricate over one another. 
Genua — MinuuteTf Slad. Hopkuter, Per., is included by Sladen in the 
Pentagonasteridae, but Perrier places it with Gcntodon^ QnaihatUT^ and 
AtUrodony in a special sub-family of Archasteridae. 

Family 9. Antheneidab, Per. Phanerozonia with opposite ambu- 
lacnd ossicles and massive marginal plates. Abactinal skeleton stellato- 
reticulate ; the actinal intermediate plates bear large valvate pedicellariae. 
Genera — AfdhtMo^ Gray ; GonicuUr, Ag. (em. Per.) ; Hipp<uUria$^ Gray 
(Fig. IX.). 

Family 10. Pektacbrotidae. Phanerozonia with opposite ambu- 
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lacral ossicles and irregular marginal plates ; the upper series are often 
covered. The abactinal skeleton is reticulate, and the plates bear large 
tubercles. There are no valvate pedicellariae on the actinal interradial 
areas. Qenera — Amphioiter, Verr. ; A9t€rodi$cuSj Gray ; Chorioiterf Lutken ; 
CuleUoy Ag. (Fig. VI.) ; Nidorellitt, Gray ; Pault€Lf Gray ; PentaceroptiSf 
Slad. ; PefUaceroSf Schulze {Oretuter^ MiilL & Tr.) ; SphaeraOer^ Quenst ; 
SphaenUtf Quenst 

Family 11. Gtmnabteriidae. Phanerozonia with opposite anibu- 
lacral ossicles and ud equally developed marginal plates. Abactinal 
skeleton tessellate, but its plates are irregular and only partially in 
contact. The actinal interradial areas contain large plates. The whole 
test covered with membrane. Genera — Asteropsis^ MlilL & Tr. ; Deim- 
(uteriaSy Per. ; Gynmatteriay Gray ; Lanasler^ Slad. ; Marginaster, Per. ; 
Poraniay Gray ; Poranuyinorpha^ Dan. & Kor. ; Ithegaster^ Slad. ; Tykuter, 
Dan. & Kor. 

Familt 12. Abterinidae. Phanerozonia with opposite ambulacral 
ossicles, and with small, inconspicuous marginal plates, the axes of which 
are convergent Intermediate plates imbricate ; those on the abac- 
tinal side lamelliform. Pedicellaria absent Sub-Familt 1. Ganeriinab, 
with large marginal plates. Genera — OycethrcL, Bell; Ganeria, Gray; 
L^n^ntuteTy Per. ; Badiasler, Per. Sub-Fahilt 2. Abterinidae, in which 
the marginal plates do not exceed the remaining plates in size. Dermal 
branchiae arise from any part of the abactinal surface. Genera — Asterina^ 
Nardo, which has often been described as a typical Asteroid, and its embry- 
ology carefully studied ; Disaster ina, Per.; NepanUUa, Gray ; Patiria, Gray. 
Sub-Familt 3. Palmipedinae, with dermal branchiae confined to the 
radial regions. Genera — PalmipeSy Ag. ; Stegmaster, Slad. Tremastery 
Verr., is also assigned to this family. 

Order 2. Cryptosonia, Sladen. 

Asteroidea with the marginal plates small and inconspicuous or 
absent ; when present the upper and lower rows do not touch. Dermal 
branchiae not limited to the abactinal surface. Ambulacral plates are 
generally crowded and narrow. Either the ambulacral or adambulacral 
plates are the more prominent in the oral skeleton. 

This order is characterised by three main characters: (1) The 
insignificance of the marginal plates, whence the name Cryptozonia ; 
(2) the occurrence of papulae or dermal branchiae beyond the abactinal 
surfjEMre, whence the order is described as '* adetopneusic " ; and (3) the 
crowding and narrowness of the ambulacral plates, whence the order is 
said to be '* leptostroterate.'' The last character is not developed in some 
Palaeozoic genera that appear to belong to this order. 

Family 1. Palabocomidae. Cryptozonia witn alternate ambulacral 
ossicles and numerous long free actino-lateral spines. There is a web 
supported by a reticular calcareous skeleton. The adambulacral plates 
are large, and the spines are borne on the plates adjoining them. 
Qenus — Palaeoctyma, Salter. Bdellaama^ Salter, is placed by its author 
as a sub-genus of Palaeoccma ; its afBjiities are doubtful, but are certainly 
not with this family. 



Digitized by VjOOQIC 



THE STELLEROIDEA 255 

Familt 2. Lepidasteridae. Cryptozonia with alternately arranged 
ambolacral ossicles. Disc large ; rays comparatively short, thick, and 
blunt No lateral spines. The abactinal skeleton consists of closely set, 
irregular, granular plates. Qenus — LeptdaUerj Forbes (Fig. X.). 

Family 3. Tropidasteridae. Cryptozonia with auibulacral ossicles 
opposite or sub-alternate. Rays short, broad, and flat. Auibulacral 
ossicles narrow ; adambulacral ossicles broad and thin. 
Abactinal surface granular. Genera — Tropidaster, 
Forbes ; (?) Uompaader, Worthen & Miller. The name 
of the ty|>e genus was suggested from the apparent 
occurrence of a keel along the abactinal side of the 
raya This, however, is only due to the ambulacral 
plates being exposed by the loss of part of the 
granular abactinal integument. Compwaster has a fig. x. 

narrow ambulacral groove, and is bordered by Uvuio9tergmyi,VoT\ir^. 
imbricating actinal plates; ito general characters Weniock Limwione. 
resemble Tropidaster^ but it is insufficiently known for its affinities to 
be definitely settled. 

Family 4. Linckiidar. Cr3rptozonia with opposite ambulacral 
ossicles, comparatively well-developed marginal platen. Disc small, with 
long cylindrical rays. Abactinal skeleton tessellate with granular integu- 
mentary deposits. Sub-Family 1. Roemerabterinae, with spines on 
the marginal plates and disconnected granular plates arranged in longi- 
tudinal series on the abactinal surface and sides of the arms. Genus — 
RoemerasteTy Stiirtz. Sub-Family 2. Linckiinae, with abactinal plates 
devoid of internal supplementary plates. Abactinal and marginal plates 
granulose and not bearing spines. Genera — Ferdina^ Gray ; Frmnia^ Gray ; 
Leicuter, Peters ; Linckia, Gray ; A^arctMia, Gray ; Nardoa, Gray ; Ophidi- 
atter, Ag.; PhariOj Gray; Plwiaria^ Gray; (?) Arthraster^ Forbes. Sub- 
Family 3. Chaetasterinae, with internal supplementary plates and 
paxilliform tabulae. Genus — Chaetastery ^lull. & Tr. In this genus 
there are remarkable groups of spines borne on the ends of disc-like 
pillars, rising from the external plates ; these are known as paxilliform 
tabulae. Sub-Family 4. Metrodirinae, with the marginal and abactinal 
plates covered by membrane. There are neither internal supplementary 
plates nor paxilliform tabulae. Genus — Metrodxra^ Gray. 

Family 5. Stichasteridae. Ctyptozonia with opposite ambulacral 
ossicles and contingent marginal plates. Disc small ; rays long and 
cylindrical. The phites of the abactinal surface are large, closely packed, 
and regukrly arranged. Sub-Family 1. Stichastsrinae. The adambu- 
lacral plates are equal, have a simple armature, and have no ridges. 
Genera — Calycagter^ Per. ; Coelastericu^ Verr. ; Neomorphattevy Slad. ; Stich- 
cuter, MiilL & Ti-. ; Tarsader, Slad. ; Tonia, Gray. Sub-Family 2. 
Z0ROA8TBRINAE. The adambulacral plates are unequal, and their armature 
is complex ; alternate plates have ridges. Genera — CnemidiasteTf Slad. ; 
Marwnuuter, Per. ; Pholidast^, Slad. ; Proffruuter, Per. ; Zoroagter, Wyv. 
Thorns. 

Family 6. Solastkridab. Cryptozonia with opposite ambulacral 
ossicles, and a reticulate, abactinal skeleton bearing paxilliform groups of 
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spinet. Marginal plates obscure. No pedicellariae. Qenera — OmtM^er^ 
Miill. & Tr.; QimfuAer^ Per.; Lophatter, Verr.; Bhipidader, Slad.; SolatUr^ 
Forbes (Fig. XL). 

Family 7. Korethrasteridab, Dan. & Kor. Charwien — '* Crypto- 
zonia allied to the Aderinidae, but distinguished by the complete absence 
of interbrachial spaces, and by the possession of a continuous, calcareous 
plating, and the formation of the paxillae'' (Bell, 4, p. 23). Genera — 
KordhrasteTy Wyv. Thorns. ; PenboUuterj Slad. ; Remanter^ Per. 

Family 8. PrRRASTERrDAE. ** Cryptozonia in which the dorsal ossicles 
carry a spine crowned by long diverging spines which support a more 
or less well-developed membrane ; this forms a marsupial recess for the 



Fir.. XI. 
AlMMtinal surfkce of SclctiUr pappoHun. 

young. No actinal intenuediate plates, interbrachial septa, or pedicel- 
lariae" (Bell, 4, p. 23). In this family the most remarkable feature is the 
development of a large marsupium in which the young are reared. This 
is formed by a laige veil above the abactinal surface, from which it is 
raised by numerous long paxillae. The doi-sal membrane is perforated by 
many small pores ('* spiracula,'' Sars), and lias a large central opening, the 
** oscular orifice.'' In some genera, eg, Pteraster^ there are also openings to 
the actinal surfSeu^ known as ** segmental apertures.'' lliere are often 
long spines, attached to the rays close by the adambulacral plates ; these 
are known as the actino-lateral spines, and they are either enclosed in the 
membrane of the actinal surface or in a marginal web. Sub-Family 1. 
Chbiroptasterinab, with alternate arobulacral ossicles and short actino- 
lateral spines. (The presence of the marsupium is not certain.) Form 
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pentagonal. Genera — Gheiroptagter, Sturtz ; Loriokufter^ Sturtz ; (t) Rho- 
ptdocomOf Salter. Sub-Family 2. Pterabtkrinar, with a well-developed 
Bupra-doFBal membrane, opposite ambulacral plates, and actino-lateral 
spines. Form pentagonal. Genera — Benihatter^ Slad. ; Calyjttader, Slad. ; 
OrypkuUTf Per. ; FUxcuier, Per. ; Hymefiaster, Wyv. Thorns. (Fig. XII.) ; 
Mar$%pader, Slad. ; Myxattery Per. ; SteraUer^ Miill. & Tr. ; Retaiter, Per. 
Sub-Family 3. Ptthonastbrinav, with stellate form, opposite ambulacral 
ossicles, and rudimentary marsnpium formed by five triangular fan-like 
valves ; no segmental apertures or actino-lateral spines. Genus — Mayr- 
aster, Per. ; Pifthonagt4T, Slad. 

Family 9. Palasteribcidae. Cryptozonia with the ambulacral 
ossicles alternate for at least part of the arma Tlic madreporite is 



Fio. XII. 
Ilyvunaster j^dhicidiis (after Wyv. Thomson). 

large and ventral in position. Actino-latei*al spines Kre pre^nt. The 
dorsal integument is granular. The form is stellate with small inter- 
brachial areas. Genera — PalagUnRcu$, Stiirtz; Echtnasterella, Sturtz. 
This family is remarkable for the abnormal position of the madreporite, 
which, unlike that of recent Asteroids, is ventral in position. This char- 
acter is posHibly due to the development of a granular integument over 
the whole of the abactinal surface. Large ftpine-like paxillae occur, and 
it is quite possible that the granular integument was the roof of a large 
marsupium. There can be no question as to the position of the madre- 
porite, for the actinal and abactinal surfaces of the same specimen are 
shown in examples in the British Museum. 

Family 10. Echinabteridae. Cryptozonia with a reticulate abac- 
tinal skeleton of small imbricating plates. Ambulacral ossicles opposite ; 
the pores biserial; oral armament adambulacral. Interbrachial septa 

17 



Digitized by VjOOQIC 



358 THE STELLEROIDEA 

single if present. Sub-Family 1. AcANTHAflTiRiNAB, with large disc uA 
numerous rays; numerous madreporites. Qenus — AeamiKader, Gery. 
Sub-Familt 2. MiTHRODiiNAE, with a small disc, usually five raya One 
madreporite ; no interbrachial septa. Armed with large scaly spines. 
Qenus — MUkrodia, Gray. SuB-FAiaLT 3. Eobinabtibinae, with a small 
disc and five or six raya Spines small and simple. No pedioellaxiae. 
Qenera^DMtyoitor, Mason & Aloock ; EMtuutm', Midi. & Tr. ; Hrnnda^ 
Gray (syn. OnbrMa^ Ag.) ; PerhnoiUr, Slad. ; PUcUutw, Slad. Sub-Faxilt 4. 
VALVASraBlNAX, with the marginal plates bearing large yalyate pedi- 
cellariae. The disc is moderate in size, and there are five rays. Genus — 
Vahoitir^ Per. 

Familt 11. Hbliastbbidabl Cryptoconia with opposite ambulacral 
ossicles and double interbrachial septa. The disc is large and bears 
very numerous short rays. Sub-FaHilt 1. Hbuahthabtibihab. The 
abactinal skeleton is granular in the disc and bases of the arms ; at the 
arm tips it is teasellate, but the plates not in contact Arms separate 
at their bases, so that the two sets of plates which form the interbrachial 
septa are separated by parts of the disc Infero-marginal plates occur 
round the disc Madreporite marginal. Genus — HeUanUuutery F. Boem. 
This includes two Devonian species, of which only one is adequately 
known, and is of somewhat uncertain affinitiea It was originally 
regarded as an Asteroid, but Stlirtz, in his latest description of its 
anatomy, referred it to the Euryalidae. Stlirtz's specimen?, now in the 
British Museum, show nothing to separate them from the Asteroidea, of 
which however they are very abnormal representativea The ambulacral 
plates are thin and L-shaped, but not crowded as in HMuteTf while the 
abactinal skeleton is different The species appears, however, to be a 
primitive form of the Heliasteridae, in which the arms do not occupy the 
whole nuirgin of the disc, and are separated from one another through- 
out; the ambukcral plates are not crowded, so that the podia are 
biseriaL Sub-Fahilt 2. Hbliabtbrinab, with reticulate, abactinal 
skeleton and arms in contact with one another at their bases, there being 
no interbrachial spaces. The ambulacral ossicles are crowded and the 
pores quadriserial. Genus — Hdiaster^ Gray. 

Familt 12. Pbdicsllastbridae. Cryptozonia wiui opposite ambu- 
lacral ossicles^ a small disc and narrow sub -cylindrical raya Podia 
biMriaL The abactinal skeleton confdsts of narrow plates forming a 
quadrangular network. Genera — Corcnaster^ Per. ; GadroMUry Per. ; 
LffkuUr^ Per. ; PedioellaiUrf Sars, 

Family 13. Abtbbiidae. Cryptozonia with opposite ambulacral 
ossidea Podia quadriserial Abactinal skeleton reticular and composed 
of small unequal plates. Genera (including sub-genera of Atteriat)-— 
Anatteriai, Per. ; Asterioij Linn. ; CaltKUterias, Per. ; CateinatUria*^ Verr. ; 
Ccmnattmai^ Slad. ; DipkuUriat, Per. ; Hydnuteria^ Slad. ; LepUutenM^ 
Verr. ; Podatterias, Per. ; PolyatUriaa^ Per. ; PycnofpMa^ Stimps. ; SeUr- 
atUrioi^ Per. ; SmilatUriaSf Slad. ; Sporaderias^ Per. ; LTniopAoni, Gray. 
The anatomy of Aderias is described on pp. 241-246. 

Family 14. Brisikgidab. Cryptozonia with opposite ambulacral 
ossicles ; marginal plates absent or rudimentary. Rays numerous and 
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aharplj marked otf from the disc. Abactinal skeleton absent, or present 
only on the ovarial regions at the bases of the arms. No intermediate 
actinal plates or interbrachial septa. Qenera — Brtnn^ Asbjomsen ; (?) 
Britingattery Lor. ; ColpatUr, Slad. ; FreyeUctf Slad. ; (?) GymncbriiingOy Stud.; 
(?) Hymenodiscut, Per. ; LMdiatUr, Lutken ; Medusoiterf Stiirtz ; Odinia^ 
Per. This remarkable family was originally founded for the genus Britinga^ 
which has many primitive characters. The arms are smdl and sharply 
marked off from the disa There are no ampullae connected to the podia ; 
the generative organs consist of a series of small isolated glands along the 
arms. The genus was accordingly at first regarded as very primitive in 
structure and affording in some ways a link with the Ophiuroids. Later 
authors, however, snch as Ludwig and Sladen, entirely repel this view 
and regard the Brisingidae as allied to the Asteriidae, and extremely 
specialised rather than primitive. Sladen concludes, *^In my opinion 
the Brisingidae are true cryptozonate Asterids, very nearly related to the 
Asteriidae, Pedioellastoridae, Heliasteridae, and Echinasteridae, and prob- 
ably derived from a common ancestor, the divergence of form and the 
peculiarities of structure now exhibited by Britifiga being the result of 
modification produced by the extreme isolation and the exigencies of 
the abyssal depths in which the family has existed" (48, p. 593)^ But 
in ColpatUr and FreytUa the genital glands are limited to swellings 
at the base of the arms ; and although the arms are sharply uuurked 
off from the disc, at least six-sevenths of the arm has no extensions of 
either alimentary canal or generative organs. Tlie arm-ossicles of Freyella 
tubereulata are identical in character with those of Ophiwritui^ and they 
diflbr from Oj^iogeron only by the absence of adambnlacral ossicles. 
Sladen gives no diagnosis of the class Asteroidea, so that it is not 
quite clear on what characters he would base the separation of Asteroids 
and OphiuroidSb But no known diagnosis of the Asteroidea would 
include OolpaiUr and FregtUa^ and exclude forms universally admitted to 
be Ophiuroids. If the more primitive types of Brisingidae are a recent 
degenerate offishoot from the Asteriidae or some allied family, then a type 
of structure, practically indistinguishable from that of the Ophiuroidca, 
has been twice independently evolved. It seems therefore that Perrier is 
probably correct when he regards the Brisingidae as the most primitive 
instead of as the most special of living Asteroids. 

The following fossil Asteroids are not sufficiently known for determina- 
tion : — 

CaUiattery Trautschold ; CoeUuter, Sandb. non Agasa ; OribnllUei, Tate ; 
CitpuUuierj Fritscli ; Pltmoiter, Wright; TrichoUuter^ Wright. 



Sub-Class 2. Ophiuroidsa. 

The Ophiuroidea form a sub-claaa of the Stelleroidea, including 
the sand-stars, brittle stars, and branching stars. The typical 
members of the class differ from the typical Asteroids by having 
the arms sharply marked off from the dlisc as appendages, and by 
not having a groove along the ventral side of the arms. These 
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differences are so important, anatomically, that the Ophiuroidea 
and Asteroidea are often regarded as distinct classes. Owing to 
the general external resemblance between the two groups, the first 
naturalists who described them made no attempt to separate them. 
Thus Linck, who in 1733 (23) figured several Ophiuroids, 
included most of them, along with some Asteroids, in his genus 
Sidla, The common British species, Ofhiwra, ciliamf Linn, sp., he 
named Stdla lacertosa, and Opkiodefma langicauda he described as 
Stdla lumbricalis longicauda. He, however, recognised that his group 
" Stella '' must be broken up into several divisions, for he separ- 
ated Ophiothrix fragUiSf 0. F. MiiUersp., under the name of Bamla, 
and the branching forms under the name of Adivphifton, Linnaeus, 
on the other hand, did not grant the Ophiuroids even generic 
distinction, and included them all in the genus Atierias, It 
was not until 1816 that Lamarck (21) definitely founded the 
genera Ophiura and Euryale, De Blainville in 1834, L. Agassiz in 
1836, Dujardin in 1840, and Miiller and Troschel in 1844, added 
greatly to the systematic knowledge of the Ophiuroids, which they 
retained in the ordei' Stellerida. The first proposal to separate 
the group as one of the primary divisions of the Echiuoderms was 
made by Forbes in 1840 (1 1) ; he founded the order " Spinigrada " 
for the Ophiuroids, while the Asteroids he named the " Cin*igrada," 
Gray, in 1840 and 1848, kept the two gi'oups as separate orders, 
but united them in one class, Hypostoma. Since this date the 
view that the Ophiuroids are a distinct class has been widely 
adopted. 

The sub-clasd includes over one hundred genera, most of which 
are recent. The earliest fossil forms occur in the Ordovician, and 
representatives are known from all later systems. 

The recent species have been described by many authora, 
especially by Bell, Diiben, Forbes, Grieg, Grube, Heller, de Loriol 
le Fort, Ljungman, Liitken, Lyman, Marenzeller, v. Martens, 
Mortensen, J. Miiller, W. Peters, G. 0. Sars, Sladen, Stimpson, 
Studer, and Verrill. Lyman's report on the CliaUenger Collection 
is a complete synopsis up to 1882 (31). 

The fossil Ophiuroids are rare, and, as a rule, badly preserved. 
The literature consists mainly of the description of isolated 
specimens, as by £. Billings, Bohm, Forbes, S. A. Miller, Pohlig, 
0. F. Roemer, H. Woodward, Worthen, and Wright. Stiirtz and 
Roemer have described the remarkable fauna from Bundenbach in 
Germany, and Salter that from the English Silurian. References 
to the American Palaeozoic species are given in Miller's North 
American Oeohgy and Paleontology. 

The first classifications of the Ophiuroids were artificial ; the 
basis of a natural arrangement was laid by Ljungman in 1867 
(24). Previous to that date the group had been divided into 
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two families — the Ophiuridae, including the formB with simple 
arms, and the Astrophytidae, the members of which have branched 
arms. Raised to 8alM)rders and divided into families, these two 
divisions have long survived. In 1892 Bell (3) proposed a classi- 
fieation into three orders, to which a fourth has been added to 
include some fossil forms (Oregory, 15). 

The first important contributions to the anatomy of the 
Ophiuroids were an account of the structure of the Euryaleae by 
L. Agassis, and of the skeleton of various genera by Miiller 
( 1 854). Further researches have been carried out by Cu^not (1888) 
and Hamann (1889). The two authors, however, to whom we are 
most indebted are Lyman, who, in a long series of papers, has 
described the skeletal structures, and Ludwig, whose masterly 




Fio. XIII. 
O^injiHAU aeulentaf aUietinal nurface. 

memoirs gave the first detailed account of the visceral anatomy. 
Oenera of exceptional interest have been described by Bell, 
Ludwig, Simroth, and Sladen, to whom we owe memoirs 
respectively, on Ophioieresis, TrkhasUr, OphiadiSy and Jdraphiura. 
The development was first studied by Miiller and Krohn (1851) ; 
Ludwig in several memoirs, and Apostolides (1882), Russo (1891), 
Cu^ilot (1892), and Bury, have studied additional forms with modern 
methods; while MacBride, in 1896, has shaken, if not destroyed, 
faith in the theory of the homology of the "calycinal" plates 
(p. 14) as taught by Lov^n, Carpenter, and Sladen. 

The body of an Ophiuroid, like that of an Asteroid, consists of 
a central disc, from which radiate several (generally Ave) arms (Fig. 
Xm.). The disc, however, is not formed, as it is in Asteroids, by 
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the union of the bases of the arms, but is sharply marked off 
from them, and they are attached to it as appendages; there 
is not, moreover, in the Ophioroids the ventral groove of the star- 
fish. These characters, however, are not absolutely to be relied 
on ; thus in some species of AdroBchema there is no sharp separa- 
tion between the arms and the disc; while in Ophioteresis (Fig. 
XIV.) the radial ambulacral vessels and nerve-trunks lie in shallow 
grooves on the ventral surface of the arms. 

An idea of the Btmctuie of a typieal Ophiuroid may probably 
be best obtained by the careful examination of a representative 
species, for which purpose the commonest English brittle star 
{Ophiura ciliam, Linn, sp.) is a convenient type. 

This Ophiuroid consists of a round, flat, scale-covered disc, from 
which radiate five long, tapering arms. The Arms are composed 
of a series of jointed segments, each containing six plates. Two 
of these are fused together into a single " vertebral ossicle,'' and 




Vui. XIV. 



Opkioiensi» (after Doll). Aboml Kurfkce of an ami ossic o ; d^ the double doml ami*iiUite« ; 
a, articular cavities ; U lateral ami-platea. 

a series of these forms the axis of the arm. The remaining four 
plates form an external tube round the vei*tebral ossicle. One 
pair occurs at the sides, and is known as the lateral arm-plates or 
shields. Another of the four plates lies above the vertebral 
ossicle, and is accordingly known as the dorsal arm -plate (or 
doi*sal shield); the fourth lies on the lower surface of the arm, 
and is accordingly known as the ventral arm -plate (or ventral 
shield). Each lateral arm-plate bears seven short spines. 

The plates forming the central chain of the arm are known 
as "vertebral ossicles," because, in typical Ophiuroids such as 
Ophiwra eiliam, they articulate by a series of knobs and sockets 
like the bones of a vertebral column. In a typical vertebral 
ossicle the two articular surfaces are very different ; in the proximal 
or adoral surface (that nearer to the disc) the most conspicuous 
features are the prominent central umbo (Fig. XY. u) and two broad 
*Mower muscle fields'' (Fig. XY. Lni) at the two lower angles. 
Above the umbo there is a narrow " upper canal furrow " (u./), while 
a corresponding " lower canal furrow " (1./) occurs between the two 
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miiBcle fields. Above the lower furrow there is a depression to 
receive a prominence on the distal face of the adjoining ossicle, and 
on each side of the depression there is a small knob, which similarly 
fits into depressions on the adjacent ossicle. On the distal or 
aboral surface there is a deep " umbonal socket " (11.5), and also 
the prominence and two hollows already referred to; the two 



f/.5. 





Fio. XV. 

Vertebral omlcle or Oftkiura riUarit (after Miiller). 1, abonil Miirface; :l, iidoral Murfkce. 
«, umbo; Lm, lower iiiuhcIh Held; tf^, upper, and //, lower i«iinI nirrown; v.f, nnibonal 
iiocket ; c, can*! for the podion (sliowu by removal nf ]Nut of niiiMcIf Hold on right nideX 

lower angles are occupied by broad expanded surfaces, under 
which pass the tubes of the podia (the surface on one side in figure 
is broken away to show the canal for the podion, e). 

Passing from the arms to the Disc, the skeleton is seen to 
consist of two sets of plates, one belonging to the external integu- 
ment, and the other to the oral system. 

The Oral Skeleton is complex. It may be most readily con- 
ceived as resulting from the fusion of the elements of two segments 
in each of the arms. The entire oral 
skeleton surrounds the mouth, and con- 
sists of as many segments as there are 
arms. Each segment is roughly triangu- 
lar in shape, the apex pointing inwards, 
and being separated by the deep *^ buccal 
fissures.'' The principal element in each 
segment is a pair of " syngnaths " (Fig. 
XVI.), also known as oral angle-plates, 
jaws, mouth-plates, toiUMa aralia^ etc. ; ^ syngnauia 

Ii_ .1/. ^ J i \l (After MtUlerX j, jaw ; my, mouth 

the name syngnath IS suggested for them, Same; «.g, gnwU for cireum. 
as they consist of two parts generally ^SfSS^irf^r^iTUntfc'ie^"^ 
completely fused together. The larger 

piece of the syngnath is the mouth frame (f»./), which unites with 
the corresponding plate of the next segment across the buccal 




n.g. 



Pio. XVI. 

of OpItiHra ciliaria 
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fissure. The smaller piece is the jaw, which unites with the jaw 
of the next arm to form the angle of the oral segment. Each jaw 
has a depression, in which rest the oral tube-feet, and is notched by 
a groove for the circumoral nerve ring. 

The union of two adjoining jaws is strengthened by a small 
plate at the apex, known as the '* jaw plate " or tufniA an^fu^om. 
This plate supports the teeth, of which, in Ophiura cUiaris^ there are 
five in each segment. A series of similar processes occur along 
the side of the jaw, projecting into the buccal fissure ; these are 
the oral papillae (mouth papillae or buccal papillae), of which, in 

iura cUiariSy there are ten or more in each series. 

The angle between the two jaws of one segment is occupied by 
a shield-shaped plate, known as the '* buccal shield " (oral plate, 
mouth-shield, or sciitum buecale). These plates are interradial in 
position ; the smaller plates corresponding to them, but radial in 
)x>sition, are the first ventral arm-plates. Between the mouth- 
frames and the buccal shields are five pairs of long, bar-shaped 
" peristomial plates,'' which cross the interradial spaces from arm 
to arm ; they cannot be seen from without, as they are covered 
by the shields, and by two plates beside the latter, known as the 
lateral buccal shields (or scuta adoralia). 

The oral skeleton of the Ophiuroid is therefore very different 
from that of the Asteroid. But both are formed by the modification 
of similar paits, viz. the ambulacral and adambulacral ossicles of 
the arm segments. In the Ophiuroid the supposed homologies of 
the principal i>arts are as follows : — 

Vertebral ( = ambulacml Lateral arm-pUtes 

OBMCles). ( s actambulaerml owloles). 

lat arm segment ])eri8tomial plates jaws 

2nd „ mouth-frames lateral buccal shields. 

The remaining elements in the skeleton of Ophiura belong to 
the exoskeleton. On the upper or aboral side of the disc there are 
five pairs of large and somewhat pyriform plates known as " radial 
shields " (Fig. XXIII. r,s). Between them are a few smaller plates, 
and the rest of the disc of 0. cUiaris is covered with small, 
irregular, imbricating scales. 

On the lower surface of the disc there are two pairs of long, 
thin plates beside the bases of the arms. A narrow cleft, the 
'* bursal slit " (known also as the bursal aperture, genital slit, 
genital cleft, and ovarian aperture), separates these plates. This 
slit leads into the bursal cavity, into which the generative products 
are discharged from the gonads. Of the two bar- like plates 
bounding the bursal slit, the larger is the '* genital plate," and the 
smaller is the "genital scale." 

The Alimentary Canal of the Ophiuroids is simpler than in 
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either Asteroids or Echinoids. The mouth is situated in the centre 
of the lower surface of the disc, and from it the buccal fissures 
radiate. The mouth opens to a short oesophagus, above which 
is a large digestive sac, occupying nearly the whole cavity of the 
disc Neither anus nor diverticula along the arms are present. 

The Water-vascular System consists essentially of a circum- 
oesophageal ring which gives rise to five radial vessels bearing tube- 
feet, and five vesicles, one of which communicates with the exterior. 
In Ofhiwra eUiaris the circumoesophageal ring lies over the syn- 
gnaths, through which pass branches (Fig. XVII. o,v) leading to 



lU vu 



Fio. XVII. 

Diagnm uf circoinorml region of Ofhiura cUiaris (after MUllerX e.(s.n, circuinoesophaKoal 
nenrtt ring; e.(s.v, circatnoesophaHMl water* vaAcular ring; f.w, nenre bruich to int^ti- 
ment ; Lv.m, intervertebral inuscleM ; i.v.n, intervertebral nerve ; J, Jaw ; J.p, jaw plate ; 
o.a, oral nerve; o.p. oral papillae; o.t, oral tentacle; o.v, branch of water veeael to oral 
tentacle; )i.n, podial nerve; p.v, Polian venicle; r.a, radial nenc; t, teeth; t.g^ tentacular 
groove; (.i», tentacular nerve ; r.o, veitebral owiiclefl. 

the mouth-tentacles (oJ) ; radial vessels run along the under sides 
of the arms. In each of four of the interradial (or interbrachial) 
spaces there is a "polian vesicle'' {P'^)> in the fifth interradius there 
is a short expanded stone-canal (Fig. XVIII. sx) which opens to the 
exterior by a single madreporite on a buccal shield. The radial 
vessels lie in the lower canal furrows of the vertebral ossicles (Fig. 
XY. If); branches from the radial vessel pass through the vertebral 
ossicles ; they emerge at the lower angle of the ossicle, and the 
podia pass to the exterior through a space between the shields. 
There are no ampullae, but the flow of water is regulated by 
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valves. There are no suckers, so the podia are useless in loco- 
motion. 

The Nervous System of Ophiura ciliaris consists of a circum- 
oesophageal ring, from which radiate five radial nerve trunks (Fig. 

XVII. c.cs.n and r.n) ; it also gives 

^1 • oft' small branches to the oml ten- 

'' "' tacles, teeth, and oral muscles. Tho 

radial nerve trunks consist of two 

^' separate nerve bands, one above the 

other, both lying in the " epineural 

canal " (Fig. XXI. es.n and t.r.n). 

The two nerve bands are not con- 

^ nected, though situated very close 

to one another. Both radial nerve 

trunks thicken into ganglion -like 

swellings, of which there is one in 

each arm segment. From the ganglia 

of the upper or internal nerve band, 

branches are given off to the muscles 

between the vertebral ossicles. 

Fio. xviii. From each ganglion of the lower 

wttervMcwitr ring of Ophiura Hiiaris. or external nerve trunk, two pairs 

u.b, branch to oral tentacles ; e.o.v, circnni* t ' a> • 

oeaophaKeal vcMel ; m, madreporite ; p.r, Of nervec are given Off; One pair 

;:?,"JS,ne*Si«J. "''"' "*'*■* "^^^ ''"""^' ' supplies the tentacles, and the other 

the integumont and spines. 

The last element in the Ophiuroid nerve system consists of a 
*' genital nerve ring," which lies along the " aboral circular sinus." 

Respiration in the Ophiuroids is effected only by the walls of 
the bursae, and by the })odia. 

The Reproductive Organs consist of a series of small i>ear- 
shaped gonads (Fig. XIX. g) which do not open directly to the 
exterior, but into the bursae, where, in some cases, the development 
takes place. In Ophiura there are more than forty gonads to each 
bursa. 

The Coelomic Sinus. There appears to be no true blood- 
vascular system in the Ophiuroids ; the vessels which have been 
described as such are connected with the axial sinus, and are there- 
fore coelomic spaces and not vessels (MacBride, 32, and Russo). 
The axial sinus (Fig. XX. x.s) is the most important ; it is the space 
through which runs the stone-canal, and it contains a gland in con- 
tact with the stone-canal, which is known as the ** ovoid gland " or 
"axial organ " (a;.o), (see p. 23). From the upper end of the axial 
canal runs the " aboral circular sinus." The course of this sinus 
is very sinuous : above the arms it is aboral in position, but 
beside the arms it bends downwards until, in the interradii, it 
is quite ventral in position. The main sinus passes on the inter- 
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radial side of the bursae, and sends off a branch along the radial 
side of each bursa. The parte of the sinus beside the bursae bear 
the gonads. 




Fio. XIX. 
■ Gonadii (9) and buiMM (b) of Ophioglypka allfida. (After Ludwig.) 

Arm Structure. As we have seen, there are no prolonga- 
tions of the digestive or reproductive organs in the arms, 
while branches of the nervous and water- vascular systems run 
along the ventral side between 



the vertebral ossicles and the 
ventral arm-shields. It follows 
therefore that the vertebral 
ossicles are directly supra- 
ambulacral, and are homologous 
with the ambulacral ossicles, 
and not with the supra-ambu- 
lacral ossicles of such Asteroids 
as Asiropeden. A transverse 
section across an Ophiuroid arm 
is shown in Fig. XXI. (cf. p. 15). 



p^s 



m 



FlO. 



xz. 



Diagimniinatic section through ond njdoa of 
OphiiiToid (after MacBride). amp, ampiuU ; h, 
_ , ^ f trarw; ijn,intenmdiAl mueoleofthedlac; (7.». 

From such a type as OjphvU/ra genital linus ; g,T, genital rbachJi ; m, mouUi ; 

eaiam, with its smooth, flat» ISi.T^S^'vSti^l^SlfTt^SSi 

' \ i, teeth ; io.v.r, water-Taacular ring ; x.o, 



axial organ ; 9,9t axial etnoa. 



circular disc, its irregular, scaly 

plates, its comparatively short, 

straight, unbranched, and regularly tapering arms, there are many 

strilwig doTiations, both in aspect and structure. 

The Ezoskeleton may be either more or less complete than in 
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O^iwra, The most important addition to the platee found in that 
genus is formed by the plates of the so^alled ''apical system." 
In some species, such as OphMmmmi w^iim^^ there is a central plate 



*A 



Fio. XXI. 

Dtafrmmmatie Mctioii throngh arm of Ophlnroid. 6r.e, doml bmneh of tamehtal eoalomie 
iiyttMii ; d^, doml arm-pUte ; e.r.is external nuUal nerve ; lr.ff^ intamal radial nenre ; {.«, 
latoal arm-plaU ; ]k1, podion ; fxi.a, podlal nenre ; r.«.e. radial •oiamnd canal, and r.jkc, ladlal 
pModbaeinal canal, together forming vential branch of the hnailhl coelomioiyatem ; r.v, ndbl 
veeeel ; v.o, vertebral omiole ; v^, ventral arm*plate. 

surrounded by three circlets, each of five plates ; these were once 
regarded as homologous with plates in Asteroids and Crinoids, and 
therefore named the infra -basals, basals, and radials. In some 
species, such as Ophiomiira exigua, the two circlets of radially situated 

plates are absent, and only the 
central and basal plates are 
present. In Ophiocrene and 
Ophiwu corwexa, Lym. sp., there 
are only the central plate and 
the radials; in Opkiura mtnti/a, 
Lym. sp., there are the central, 
radial, and basal plates. The 
last possible combination occurs 
in a species of Pedimra (Fig. 
XXII.), in which the two circles 
of plates round the central have 
been described as the radials 
and inf ra-basals. In some other 
forms, such as Ophioeeramis 06- 
strida, Lym. (Fig. XXIIL), there 
Fio. XXII. ^^ ^ remarkable uniformity in the 

DorMlplateiofiMn«m,ep. (After Bell.) P^^^ <>" ^^^ dorsal aspect, but 

these are not arranged on the 
calicular plan. In some other cases, such as Ophiwra inamaia^ Lam. 
sp. (Fig. XXIV.), there are two 'Mnfra-basal " plates side by side 
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below each radial. The genus in which these supposed calyoinal 
plates most resemble a Crinoid cup is the genus Ophiopyr^ 




Fio. XXUl. 

AbAcfciiwl pUUw ot OjthioeernMU ofMliUiit, Lyiii. (uaer Lyiiiuii). r^ ceiitinl plttte ; r.d, radial 
Mhieldn ; ^,ti.p atid f.a.p, dorwil and laU'ml «nii-iiUiti'K. 

(Fig. XXV.), in which the doi*sal side is raised into a conical 
projection. 

The irregularity of these " calycinal plates " both in develop- 




Kiu. XXIV. 
AbMtiiMl pUtw of dine of Opkiura inomata (Uuil)l c, oaiitiml, r.«, ndUI aliieldtf. 

ment and arrangement discredits their supposed homology with 
the three circlets of plates in the calyx of a Crinoid. It is only 
natural that among the many variations in the grouping of the 
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donal plates of Ophiuroids, that one or more pentamerous rings 
should be more conspicuous than the rest. 

In the previous cases the dorsal plates of the disc are more pro- 
minent than in Ophiwra. In some other Ophiuroids, however, these 

plates are less important. 
Thus the radial shields may 
be buried beneath the in- 
tegument, or may be absent 
altogether, as in N$oplax; 
the remaining plates may 
also be reduced to scales 
or small granules embedded 
in a soft integument, as in 
the Gh>rgonocephalidae. 

Variations in the Arm 
structure offer important 
indications as to the affinity 
between Ophiuroids and As- 
teroids. The differences be- 
tween such types as Ophiwra 
and Asterias are very great ; 
but many intermediate 
stages occui' between these 
extremes ; and in the case of some extinct genera it is doubtful 
to which subK^lass they belong. 

The vertebral ossicles of some existing deep-sea Ophiuroids, such 
as Ophiogeron (Fig. XXVI.) or Ophiohdus (Fig. XXVII.), consist of 
twoseparate bars similar tothe ambulacral ossiclesof Asteroids. The 
same arrangement holds in some fossil 8i)ecies, such as Lapworthura 
MUiorU. A further approximation to the arm struc- 
ture of Asteroids occurs in some genera from which 
the ventral arm-plates are absent. The radial water- 
vascular vessels then lie along open grooves, as in the 
Asteroids. This condition is found among recent 
Ophiuroids in the genus Ophiotereas^ and among fossil 
members of the class in the extinct Lysophiurae. 

In such cases it is generally easy to recognise that 
the lateral arm-plates are homologous with the adam- o^S^i^^^. 
bulacral plates of Asteroids, a point also well shown by *»^ ^I!!!fE!!?!^ 




Fio. XXV. 

Opkinpifrgut, neeii from the nlde (after Lytimn). 
r, oentral, 5, 1j«m1, r, radfaa pUtee. 




i.a.fi 



Fio. XXVI. 



the living Opkiateresi, (Fig. XIY.) ^t.ri:aZut: 

The lateral arm-plates, though often smaller than ^pf^'^ *^ ' 
the ventral or dorsal arm-plates, are morphologically 
the most important. They are always present, except when the 
arm is covered by a soft or granular integument^ as in the 
Cladophiurae and some genera of Streptophiurae. 

The dorsal arm-plates vary more than either of the other sets. 
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They are double in Ophud&resis and Ophiamyxa peniagona, are split up 
into several pieces in Astroschema (Fig. XXVIII.), and into a mosaic 
of small plates in Hemieuiryale ; or they are absent altogether from 
many genera, such as Neoplax^ Ophiobyrsa^ Protaster, Laptoorthv/ra. 



La.p 



Fw. XXVII. 

Ann-plates of OpkiokdnM umbnUa. t.a.ji, Utarml ami-pUtas ; d,<Lpt donal aim-ptetat ; 
a, Riiibulacral plate ; », tpinea. 

Another character by which the recent Asteroids and Ophiuroids 
differ is the alternation of the ambulacral ossicles in the former, 
whereas in the latter the pairs are opposite. The Palaeozoic 
genera, however, also bridge this gap, as 
in the order Lysophiurae the ambulacral 
ossicles are alternate as in the Asteroids. 
This is shown in the arm structure of 
Palasaphiura, 

While ProUuter and its allies on the 
one hand approximate to the Asteroids, 
another group of Ophiuroids has arms which 
appear more like those of Crinoids. In 
Ophiura the arms are fairly straight and 
only capable of a limited movement in a 
horizontal plane, for the vertebral ossicles 
are " zygospondyline," i.e. are attached to 
one another by a series of knobs, closely 
fitting into sockets {e.g. Fig. XV.) In the group of the Strepto- 
phiurae much more play of the arms is possible, as the ossicles are 
"streptoepondyline," i.e. articulate by simple ball-and-socket joints. 




Fio. XXVIII. 

The external aim-platet of a 
•egment of Attrotchima (after 
Lyman), v.o, ventral ami- 



plates; v.a.p, lateralarm-plates; 
the remaining six plates re> 
praaent the dorsal arm-platee. 
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without lateral pits and processes (Fig. XIV.) ; while in the Clado- 
phiurae the ossicles articulate by hour-glass shaped surfaces (Fig. 
XXIX.), and the four external shields are replaced by a soft, 
granular integument ; in this group the arms are therefore capable 
of movement in any direction, the arms frequently being able to 
coil round any support, as in Astrotctiema, A further change is 



Viu. XXIX. 
Articular aurlkceH of vei-tebml omhIcIm of Aftiu-mhnMn. 

introduced by the bnuiching of the arms; this occura in two 
groups of the Cladophiurae, viz. in the Trichasteridae, in which 
the arms branch a few times at their free ends, and in the Gorgono- 
cephalidae, in which the arms branch repeatedly (Fig. XXXIL). 

The Oral Skeleton of most Ophiuroids is on the same plan as 
that of Ophiura; the details however differ considerably. The 
nature of the parts is shown very clearly in some PuLieozoic 
genera, such as Sturizura. The apparatus here consists of a 
syngnath, apparently composed of the plates of only a single arm 
segment; one of the plates of the central 
vertebral pair is elongated to a bar, and forms 
the mouth-frame, which is therefore clearly 
umbulacral. The jaw plate attached to this 
mouth-frame is the adambulacral plate of the 
same segment, while the teeth upon this are 
homologous with spines. 

In many recent Ophiuroids there is an 
element in the armature in addition to those 
of Ophiura ; this is the set of ** dental papillae ** 
which are situated at the oral ends of the jaws 
and project toward the mouth above the 
teeth. 

In Ophiura and its allies there are no 
Pedicellariae, but a very primitive type of 
them occurs in the Cladophiurae, as in Tri- 
chaster (Fig. XXX.). 

Turning to the internal anatomy we find the 
most important changes in connection with the Water- vascular 
System. In many genera of the Cladophiurae there is more than one 
madeprorite, of which there may be one in each interradius. In 




TH- 



Fio. XXX. 

PedicellariA of 
ckuUr dtgaM. h, hook ; 
s, stem ; o.m, r.m, ocehisor 
and ratmotor mnsclet. 
(Afler Ludwig.) 
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TriehasUr the stone-canak are thus repeated, but there is only one 
madreporite. A repetition of the stone-canah also occurs in 
Ophiadis^ in which the value of this character is apparent, for the 
animal reproduces by fission; in the same genus there are also 
several Polian vesicles in each interbrachial space. In development 
the water-pore of recent Ophiuroids originally opens on the dorsal 
surface (Bury, 6, pp. 422, 423, pi. zxxvii. f. 2\ and then works round 
to the ventral side, where it becomes attached to an oral plate. 

The Alimentary System remains very simple in all the Ophiuroids, 
consisting simply of a large chamber, divided into a series of short, 
blunt, sac-like protuberances by radial constrictions of the walls. 

Respiration in the Ophiuroids is generally effected by the 
genital bursae and the podia ; but when the bursae are absent^ 
their place may be taken by an extra series of Polian vesideSi as 
in Ophiaetis; or the general body-cavity maybe used both for the 
protection of the ova and for respiration, as in Gorgonocephalus. 

Reproduction. — ^The genital bursae in some Ophiuroids also act 
as brood chambers; the eggs pass through all stages of development 
in them, and such Ophiuroids are therefore viviparous ; Amphiura 
sguatnata and Ophiomyxa vivipara are examples of this condition. 
Asexual reproduction occasionally occurs in Ophiuroids either 
normally by fission, as in OphiactiSy or abnormally by regeneration 
of lost parts when the disc of an Ophiuroid is cut into halves. 
Broken arms are readily replaced, but a broken arm cannot 
reproduce a complete animal as can be done in the Asteroids 
(Semon and Ludwig). 

The Development of the Ophiuroids agrees in the early stages 
with that of the Asteroids, but the larval form is a PhUeus (p. 6) 
and not a Bipinnaria (p. 5). It, therefore, in this stage offers a 
greater resemblance to the larvae of the Echinoids than of the 
Asteroids. There is no doubt, however, that this larval form is 
a secondary development and does not represent any stage in 
phylogeny of the group; it therefore does not indicate any 
affinity with the Echinoids. 

Distribution. — The Ophiuroids range from shallow and estuarine 
waters to abyssal depths. Their distribution in space is wide, 
species such as Opkioeten sericeum occurring at SO"" N. latitude ; but 
the largest forms are tropical. The order was first represented by 
species of Protaster from Ordovician rocks. Representatives of the 
Lysophiurae and Streptophiurae occur in the Silurian, Devonian, 
and Carboniferous strata ; Zygophiurae begin in the Trias ; and 
Cladophiurae in the Jurassic 

On the characters discussed in the preceding pages may be based the 
following XMa^noaia of the Sub-Cnass : > — ^The Ophiuroidea are ** eleuther- 
osoic," '^aetinogonidial," and ** lysactinic," Echinoderms which usually 

1 Emended ftom Bell (4), p. 215. The terms ere explained aniea, p. 2S7. 

18 
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have no ambulacral groove. The amu are generally aharply marked off 
from ihe disc, are generally five in number, and are sometimes elaborately 
branched. The digestive system, which is aproctous, and the generatiTe 
system are both confined to the disc ; so also is the special respiratory 
apparatus which takes the form of deep clefts. 

This diagnosis at once indicates that the Ophiuroids are more nearly 
allied to the Asteroids than to other Echinoderms, for both classes are 
actinogonidial, eleutherozoic, and lysaetinic. Moreover, neither of the 
main characters which separate the two classes hold in all cases ; for in 
PpftiotenMu and FriAMAer there is a ventral groove, and in some species of 
Aiibrw^imMk the arms pass gradually into the disc. Similarly the 
Asteroids of the family AjBtropectinidao have no anus ; and the Ophiuroids, 
Qw^imooifphaXyu and Ophiactts^ have no genital bursae. 

Ordxb 1. Lyflophinrae, Gregory (1897X 

Ophiuroidea in which the ambulacral ossicles are alternate, and are 
not united into vertebral ossicles, but those of each segment are separate. 
Tliere are no ventral arm- plates, and the ventral side of the arm is 
occupied by an ambulacral furrow. 

This order includes a group of fossil Ophiuroids, in which the arm 
structure is asteroid in plan, for there are no ventral arm-plates ; there is 
an ambulacral groove ; and the ambulacral plates are in alternate pairs. 
The members of the order differ from the Asteroids by having the arms 
sharply marked off from the disc, and the alimentary canal was doubtless 
confined entirely to the disc. 

Familt 1. Protabtbridab. Lysophiurae with boot-shaped ambulacral 
ossicles, each composed of a " body ** in the median line of the arm, and a 
lateral "wing" at right angles to it Qenera — ProtaHer, Forbes, and 
Bundmbaehday Sturtz. There is a well-marked scale -covered disc and 
five flexible arms. The axial portion or "body'' of each ambulacral 
ossicle is marked off into two parts by a depression which probably served 
for the attachment of powerful ventral muscles. Stout adambnlacral 
plates occur in all the members of the family, and support lateral spines. 

Familt 2. Palabophiuridab. Lysophiurae in which the ambulacral 
ossicles consist of a bar -shaped or subqnadrate "body" without wings. 
Genera — Sturtzuray Greg. ; EugatUr^ Hall ; PtUonoiter^ Hall ; Tamiura^ 
Greg. ; all Silurian ; and the Devonian Palaeophiura, Sturtz. This family 
is characterised by its alternate rod-shaped ambulacral ossicles, shown in 
Palaeophiura {ymant, Sturtz. 

Oadbr 2. Streptophiniaa, Bell (1892). 

Ophiuroidea in which the ambulacral ossicles are opposite, and generally 
united to form vertebral ossicles. In such cases the vertebral ossicles 
articulate with one another by means of a more or less simple ball-and- 
socket joint The covering plates are more or less regnlarly developed as 
superior, inferior, and two lateral, the last of which bear spines. 
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The diagnosis of this order is necessarily vague, as it includes 
a series of simple forms, among which there are great divergences in 
structure. One living genus included in this order has no ventral 
arm-plat-^S) but a small ambulacral furrow, and thus agrees with the 
Palaeozoic genera, for which Stilrtz in 1885 proposed the family Ophio- 
encrin&steriae. The main character of the order is the simple articulation 
of the arm ossicles. The ambulacral plates are always opposite instead of 
being alternate, as in the Lysophiurae. In some of the most primitive 
genera the two ambulacral ossicles in an arm segment are separate, as in 
OjfiiiuTVM^ or incompletely joined, as in OphioKehu. In the Lapworth- 
uridae they are firmly united, and in the recent genera Ophiomyees and 
its allies they are specialised into definite ambulacral ossicles, with a 
simple ball-and-socket articulation. 

Familt 1. Ophiurinidae. Streptophiurae without ventral arm-plates 
and with separate ambulacral ossicles. Genera — Ophiurina, Stilrtz, 
Devonian. TrematatUTf Worthen & Miller. 

Family 2. Lafworthuridae. Strepto- 
phiurae without ventral arm-plates or buccal 
shields. Ambulacral ossicles fused, but their 
articulating surfaces are plain. Genera — Lap- 
wartliura, Greg., Silurian, W. of England ; Fur- 
cotter, Stiirtz; Palattrapectenf Sturtz. The oral 
armament is typically Ophiuroid. The struc- 
ture in the genus Fureoiter is shown in Fig. 
XXXL ; mouth-frames, small jaws, jaw plate, 
and teeth are all present 

Family 3. Eoluididae. Streptophiurae 
with ambulacral ossuiles united to form verte- 
bral ossicles. Ventral arm -plates present, 
but there are neither buccal shields nor 
dorsal arm-plates. Genera — Eoluidta^ Stui-tz ; ^^ ^xzi 

Eaqxmdylus, Greg. ; Aft(MpamiyZt«, Greg.; futoo^ vaiae.«Ha^, BtmM, 
Agaiiaslery Miller & Gurley (syn. Ophtopege, •howingtketoui elements of the 
Bohm) ; Cholaster, Worthen & MUler. ^S^^'^^' ^SlS^'tJl^ 

Family 4. OnYCHASTBRIDAE. StreptO- spinet; am. ambuUcnloesiolee; 

phiurae with well-developed vertebral ossicles, ^iJlSe'!f:&S^^l^*B^] 
and very flexible, unbranched arms. There 

are no external arm -plates, the integument only containing granules. 
Genus — Onychastery Carboniferous, Illinois, has previously been included 
among the Euryalid group, but its ambulacral ossicles (as shown by Meek 
and Woi-then's later figures, Geol Surv. Illinoit, vol v., 1873, pi xvi. 
fig. 3d) are Streptospondyline. 

Family 5. Eucladiidae. Streptophiurae with contorted branching 
arms. Five pairs of large plates round the centre of the side exposed in 
the fossil have been regarded either as jaws or as radial shields. Madre- 
porite on same side as the plates. Arms have no external arm-plates but 
a granular integument The type-species, Eudadia Johntoni, was care- 
fully figured and described by H. Woodward in 1869. Owing to its 
flexible, branched arms, and soft integument, it has generally been 
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regarded as an ally of Euryale, but some authors have ux^g^ its remoyal 
to the Aflteroidea^ ascribing a dorsal position to the madreporite. It is 
no doubt in external appearance more like the Cladophiurae than the 
Streptophiurae, but the external resemblance to Euryale is probably due 
to homoplastic modifications. 

Familt 6. The living Streptophiurab. No attempt has yet been 
made to arrange the living Streptophiurae into families, and this cannot be 
done with advantage without further knowledge about several point& Some 
of the most remarkable genera are known only by single specimens, 
which are very small and probably immature. Ophiohdus and C^idhdia 
present a certain resemblance to the Lysophiurae in the structure of the 
ambulacral ossiclea Ophiogerouy with its long, rod-shaped, ambulaeral 
ossicles lying in opposite pairs, is much like Ophiurina^ but the evidence 
available at present is insufficient to justify its inclusion in the Ophiuri- 
nidae. Hence it is advisable at present to leave the living Streptophiurae 
arranged according to Bell's scheme (3). When the classification it 
attempted, probably Ophioteresis will form one family, and Ophio8ci(uma 
another ; HemieuryaU, Sigsbeia, Ophiochondrus, and Ophiomyces may con- 
stitute a third. 

A. No under arm-plates — Ophioicresis^ Bell. 

B. Under arm-plates imperfect — Ophiosciasma, Lym. 

C. Under arm-plates moderate or well developed. 

a. No upper ami-plates — I. No radial shield —Nwplax ; Ophiohelutj 
Lym.; OphiothoUa, Lym. (?). IL E4ulial shields present — 
Ophioscolez^ Miill. & Trosch. ; Ophiamhtx, Lym. ; Ophiogeron^ 
Lym..; Ophwhyrsa^ Lym. ; Ophiomyxa (pars), Midi. & Trosch. 

)8. Upper arm-plates minute or formed of scattered plates — Ophio- 
myxa (pars), Miill. & Trosch.; Ophiomyces, Lym.; Ophioch<mdr%u^ 
Lym. ; Hemieuryale, Martens ; Sigsheia, Lym. 



Order 3. Cladophiurae, Bell (1892). 

Ophiuroidea in which the vertebral ossicles articulate with one another 
by means of hour-glass-shaped surfaces (Fig. XXXIII.), and are covered 
by granular deposits in the thick integument Tlie arms may be simple 
or branched repeatedly. 

Family 1. Astrontcidae. Cladophiurae with simple unbranched 
arms. Group 1. With large disc — Astrotoma, Lym.; Astrotnyz, ^iiW. 
& Trosch. ; Astrochele, Verr. Group 2. Disc of medium size — Astrogomphutj 
Lym. ; Astroporpa, Oersted & Liitken. Group 3. Disc small — Ophiocreoi, 
Lym. ; Astroschema, Oerst. & Liitk. ; AstroceraSy Lym. Familt 2. 
Trichasteridab. Cladophiurae with arms branching a few times near 
their free ends. Genera, recent — Trichaster, L. Ag. ; Astroclon, Lym. ; 
Astroniida, Lym. Fossil — Astrocynda, Lym. Family 3. Gorgonocepha- 
LiDAE. Cladophiurae with arms branching much and from their base. 
EnryaUy Lam.; Gorgonocephahu, Lym.; Astrophyton, Ag. (Fig. XXXIL) 
Ophiocrene, Bell. 
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Ordbr 4. Zygophinrae, Bell (1892). 

QpHuroidea in which the movement of the ossicles on one another if 
limited by the development of lateral processes and pits. Superior, 



Fio. XXXII. 
A$tr^yto% LindcL AbuctioAl sur&ce. (From Wyr. ThomioiL) 

inferior, and lateral spine-bearing arm-plates are always present The 
arms are simple and cannot coil round straight rods. 

Family 1. Ophiodermatidae. Zygophiurae with oral papillae 
numerous, and none infra-dental. Arm incisures on the disc. Dental 
papillae absent. Genera-— Op^uxferma, Milll. k Trosch. ; Opkwpexa^ Peters ; 
Ofhtarachiia^ Miill. k Trosch.; Ophiocoeta, Liitk.; Ophioc(ni%$^ Liitk.; Opkio- 
j)^T, Lyni. ; Ophu^jona^ Stud. ; (?) Ophiopyrgus, Lym. ; Ophiopyren^ Lym. 
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Family 2. Ophiolbpididae. Zygophiune with oral papillae from 
three to six, of which the last may be infra-dental. Arm incisures on the 
disc Dental papillae absent Genera — OphidepiSj MitlL & Troech. ; 
Ophioderif Liitk. ; Opkiura, L. Ag. ; Ophioglypha, Ljbl ; OphioceramU^ 
Lym. ; (7) OphiochiUm^ Lym. ; OpkiopaepaU^ Lym. ; Ophiozona, Lym. ; 
Ophioplinthtu, Dan. ; OpKiemtUf Lym. ; Amphiglypjiaf Pohl ; Oeoiama^ 
d'Orb. 

Family 3. Amphiuridax. Zygophiurae with oral i^pillae from one 
to ^ye^ of which the last is generally infrar^ental. Arms inserted on 
ventral side of disc Dental papillae absent Qenera — Ampkiura^ Forbes ; 
Ophiocnida, Lym. ; Ophiomtuium^ Lym. ; OpkiopeUUy Daniels. & Kor. ; 
OphiocetUrus^ Ljung. ; Amphilepiij Ljung. ; OphioUpiSf Lym. ; Ophiomartui, 




Fto. XXXIIl. 
Absctiiutl view of HemipKolii oordi/em, Lyin. c, central plate ; r, plates of radial circlet. 

Lym. ; OpKiophyllum, Lym. ; Ophiotrochtu, Lym. ; Hemiplioliiy Lym. (Fig. 
XXXIIL) ; Ophtactis, Liitk. ; Ophiopui, Ljung. ; OphiopholUy Lutk. (Fig. 
XIII. ); OphiacanthOy Miill. & Trosch. ; OphiotremOy KoehL ; Pectinura, Heller 
(non Forbes) ; OpJiioploctu, Lym. ; Ophionereiif Liitk. ; AmphipholU^ Ljung. ; 
Ophiopkraganuij Lym. ; OphiottigmOy Liitk. ; Ophio^lenna^ Liitk. ; Op^fo- 
cymbium, Lym. ; Ophiochytra^ Lym. ; Ophiol^bn^ Lym. ; OpikitjmitTa^ Lym. ; 
Ophiocamax^ Lym. ; OphuAhamyiui^ Lym. ; Acrmwa^ Ag. ; Aspidura, Ag. ; 
HemiglypKa^ PohL ; PolypholtSy Dune 

Family 4. Opriocomidae. Zygophiurae with both oral and dental 
papillae. Genera — Ophiocoma, L. Ag. ; Ophiomadix, Miill. & Trosch. ; 
Ophiarthrwn^ Pet ; Ophiopsila^ Forbes ; Ophiopteris^ E. A. Smith. 

Family 5. Ophiothricidak. Zygophiurae with dental papillae, but 
no oral papillae. Genera — OpkiothriXf Miill. & Trosch. ; Ophioenemiif Miill. 
& Trosch. ; OpkiogymnOy Ljung. ; OphtonsmOy Liitk. ; (^humephthysj Liitk. ; 
OphiiomazOf Lym. ; OphwUiela^ Verr. ; Ophiopsammwm) Lym. ; Ophiopttron^ 
Ludw. ; (?) OphittreUOf Ag. 



Digitized by VjOOQIC 



THE STELLEROIDEA 279 



The Litbrature of Stelleroidea. 

1, Agcissiz^ A, 1877. (North American Starfishes.) Mem. Mus. Comp. Zool.- 

Harvard, vol. t. Ko. 1, t. and 136 i^p., xx. pis. 

2. ApoMtolidei, N, C, 1882. (Anatomie et developpement des Ophinres.) 

Arch. Zool. Exper., s^r. 1, torn. x. pp. 121-224, pis. viL-xii. 
8. BtU, F. J, 1892. (A Contribaiion to the Classification of Ophiiiroids, &c.) 
Proo. Zool. Soc. for 1892, pp. 175-183, pis. xi., xii. 

4. 1892. Catalogue of the British Echinoderms in the British Moseiim 

(Natural History), 8yo, XTiL and 202 pp., xvi. pis. London. 

5. Billingt, R 1858. (On the Abteriadae of tlie Lower Silurian Rocks of 

Canada.) Canad. Org. Rem., dec. iii. pp. 75-85, i)ls. viii.-x. 

6. ^wry, if. 1889. (Studies in the Embryology of the Echinoderms.) Quart 

Joum. Micro. Sci., N.S. vol. xxix. pp. 409-449, pis. xxxvii.-xxxix. 

7. CarpenjUft P. //. 1882. (Notes on Echinoderm Morphology. No. V. On 

tlie Homologies of the Apical System, with some Remarks upon the 
Blood- Vessels.) Quart. Joum. Micr. ScL, N.S. vol. xxii. pp. 371-386. 

8. CWno^, Z. 1887. (Contribution 2k I'etudeanatomique des Asterides.) Arch. 

Zool. Bxp^r., 8^. 2, voL v. bis. suppl., 144 pp., ix. pis. 

9. 1888. (Etudes auatomiques et morphologiques sur es Ophiures.) 

Arch. Zool. Exp^r., s^r. 2, vol. vi. pp. 33-82, pis. iii. -v. 

10. DawUU$0n, D, C, aiid Koren, J. 1884. Tlie Norwegian North Atlantic 

Expedition, 1876-78. Zoology, Asteroidea, 119 pp., xv. jils. 

11. Forheiy R 1840-41. A History of British Starfishes, and Other Animals 

of the Class Echinodermata, 8vo, xx. and 270 pp. London. 

12. 1849-50-56. Figures and Descriptions of British Organic Remains. 

Decades L, iii., v. 

\Z, Oaudry^ A, 1852. (Memoire sur les piteessolides des Stellcrides.) Ann. 
Soi. Nat Zool., s^. 8, vol. xvi. pp. 339-379. 

14. Qrayy J. E, 1866. Synopsis of the Sitecies of Starfish in the British 

Museum, 8vo. London. 

15. Gregory t J. W. (The Classification of the Palaeozoic Echinodenns of the 

Group Ophiuroidea.) Proc. Zool. Soc. for 1896, pp. 10281044. 

16. HM^ Jamu, 1867. (Note upon the Genus Palieaster and Other Fossil 

Starfishes.) Reg. Rep. SUte Cab. Nat Hist N.Y., No. xx. pp. 282-303, 
pi. ix. 

17. HamoLnn^ 0, 1885-89. Beitriige zur Histologie der Echinodermen. Heft 

2. Die Asteriden, A^c, 8vo, Jena. Heft 4. (Anat und Histol. der 
Ophiuren und Crinoiden), Jena. Zeitschr., vol. xxiiL pp. 233-388, pis. 
xii.-xxiii. 

18. ffelUr,Camill, 1858. (UeberneuefossileStelleriden.) Sitz.-ber. math.-nat 

CL Akad. Wise. Wien, vol. xxviii. pp, 155-170, pis. i.-v. 

19. Hoffnumnt C, K. 1874. (Zur Anatomie der Asteriden.) Niederl. Arch. 

ZooL, vol. ii. pp. 1-32, pi. i.-ii. 

20. XoehUr, JL 1887. (Reoherohes sur Tappareil oirculatoire des Ophinres.) 

Ann. Sci. Nat Zool., ser. 7, vol. ii. pp. 101-158, pis. vii.-ix. 

21. Lamarck, J. B. P, A, de M. 1816. Histoire naturelle des Animaux sans 

Vert^bres, vol. ii., 8va Paris. 

22. JAuige, W. 1876. (Beitriige sur Anatomie und Histiologie der Asterien 

und Ophiuren.) Morph. Jahrb., vol. ii. pp. 241-286, pis. xv.-xvii 



Digitized by VjOOQIC 



28o THE STELLEROIDEA 

23. X^imI;, /. H, 1783. De Stallii, Marinis etc. Fol., xxiv. and 107 pp., 

zlii. pit. Lipstae. 

24. J4wMpMin^ A, 1866. (OphinroidM riventU hue usque oogniU.) Ofven. 

Srenak. Yet Akad. FOrhandl., 1866, No. 9, p^ 308-836. 

25. Lvdwig^ S, 1877-82. MorphologiBche Studien an lehinodenneii, 8to. 

Leipdg. Reprinted firom ZettMhr. Wiai. Zool. voL xzx. pp. M-162, 
pli. v.-riii. ; voL xzxL pp. 69-67, pL v. ; pp. 216-284, pi. xv. ; pp. 846- 
400, pit. xxiT.-xxriU. ; toI. xxxii. pp. 672-688 ; toI. xxxIt. pp. 888-866 
pit. xir.-xvi. ; roL xxxvi. pp. 181-200, pis. x., xi. ; voL xxxrii. pp. 1-98 
pit. L-viii. 

26. — — 1888. (Ophioptenm elegoM^ exne neue, wahncheinlich tchwinimende 

Ophinridenfonn.) Zeit. Witt. Zool. vol. xlviL pp. 459-464, pi. xxxv. 

27. LiUken^ C, F, 1868-59. Additamenta ad hittoriam Ophiuridarum, 

Yidentkab. Seltk. Skrifter (5), Naturvid. og Math. Afd. toI. t. pp. 1-74, 
pit. i., U. ; pp. 177-272, pit. L-t. 

28. Ly^nan, Th. 1865. (Ophiuridae and Attrophytidae.) 111. Gat Mas. 

Gomp. Zool. Hanrard, No. 1, Tiii. 200 pp., ii. pit. 

29. 1871. (Supplement to the Ophiuridae and Attrophytidae.) IlLCat 

Mut. Comp. Zool. Hanraid, Ko. 6, 18 pp., ii. pit. 

30. 1874. (Ophiuridae and Astrophytae, new uid old.) BnlL Mut. Comp. 

Zool. Harvard, vol. iii. No. 10, pp. 221-272, yii. pit. 

31. (Report on the Ophiuroidea dredged by H.M.S. CkalUnger during 

the years 1878-76.) Rep. Ohall. Zool. vol. t. 1882, 4«, pp. 887, 48 pit. 

32. MaeBride, E, JV. 1892. (The development of the genital organt, ovoid 

gland, axial and aboral sinuset in Amphiura tqwimata, ti^ther with 
tome remarks on Lndwig't haemal system in this Ophiurid.) Quart. 
Joum. Micr. Sei., N.S., vol. xxxiv. pp. 129-158, pis. xvi-xviii. 

33. 1896. (The Development of ^ft«riiu»^6(o«».) Quart. Joum. ^licr. 

Sci., N.S., vol. xxxviii. pp. 889-411, pis. xviii.-xxix. 

34. MUlUr^ Joh, 1854. (Uber den Ban der Eehinodennen.) Phyt. Abh. 

Akad. Wise. Berlin, Jahrg. 1853, pp. 128-219, pis. L-ix. 

35. <<r Troaehel, F, If, 1840. (Ober die Oattungen der Asterien, und 

der Ophiuren.) Arch. f. Naturg., Jahrg. 6, Bd. i. pp. 188-828, 
367-368. 

36. 1842. System der Asteriden. 4 to, pp. xx. and 185, xii. pis. Braun- 
schweig. 

37. Perrier, J, 0. K 1875-76. (Revision de la collection de Stellerides. ) 

Aroh. Zool. Exper., vols. iv. and v. 

38. 1894. Expeditions Scientifiques du Travailleur et du Talistnan 

pendant les ann^es 1880, 1881, 1882, 1888. Achinodermes, pt. 1. 4^, pp. 
iv. and 481, xxvi. pis. 

39. 1891. Mission Scientifique du Cap Bom, 1882-88, torn. vi. Zoologio 

Eohinodermes, I., StelUrides. 4to, Paris, 198 pp., xiii. pis. 

40. 1891. (8tell4rides nouveaux provenant des Gampagnes du yaoht 

rSirotkUlU.) M4m. Soc Zool. France, vol. iv. pp. 256-271. 

41. Fr<mko,H, 1890. (Du sens del'odoratohes les l£toilesdeMer.) Compu 

Rend. Acad. Fhris, vol. ex. pp. 1848-46. 

42. Salter, J. IF. 1857. (On some new Palaeozoic Starashes.) Ann. Mag. Nat. 

Hist ser. 2, voL xx. pp. 821-884, pi. ix. 
48. Sar$, Q, 0, 1875. Researches on the Structure and Affinities of the Genus 
Britmga, etc. 4to, 111 pp., vii pis. Christiania. 



Digitized by VjOOQIC 



THE STELLEROIDEA 281 

44. jSScAiflse, C. F, 1760. Betnohtung der yerstein«rteii Seesterne nnd ihr«r 

Theile. 4to, vi. and 68 pp., ii. pli. Wanohan und Dresden. 

45. SimmwwiUck^ Spiridan, 1871. (Ueber einige Asteroiden der rheiniKben 

Orauwacke.) Sitzber. math.-phys. Gl. Akad. Wise. Wien, voL Iziv., 
Abt 1, pp. 77-122, iv. pis. 

46. Simreth, ff, 1876-77. (Anatomie und Sobizogonie der Ophiasis virens.) 

ZeitMbr. Wise. Zool., toI. xxvii. pp. 417-485, pis. zxxi.-xxzv. ; vol. xxviii. 
pp. 419-526, pis. zxSL-xzv. 

47. Sktden, IV, P. 1879. (On tbe Stnicture of Adrophiura, a new and Aberrant 

Genus of Ecbinodenns.) Ann. Mag. Nat Hist., ser. 5, vol. iv. pp. 401- 
415, pi. XX. 

48. 1889. (Beport on the Asteroidea collected by H.M.S. ChalUnfftr 

during tbe years 1878-76.) Rep. Cball. Zool., vol. xxx. 898 pp., cxvii. pis. 

49. StUrts, B. 1886. (Beitrag zur Kenntniss palaeozoisoher Seesterne.) 

Palaeontograpbioa, vol. xxxii. pp. 75-98, pis. viii.-xiv. 

50. ^-^ 1890. (Nener Beitrag zur Kenntniss palaeozoisober Seesterne.) 

Pakeontographica, vol. xxxvi. pp. 203-247, pis. xxvi.-xxxi. 

51. ^-^ 1893. (Ueber versteinerte und lebende Seesterne.) Verb. Katurb. 

Ver. Preuss. Rbeinl., vol. 1. pp. 1-92, pi. i. 

52. Vigtuier^ C. 1879. (Anatomie compar^e du Squolette dos Stell^rides.) 

Arob. Zool. CSxper., vol. vii. 1878, pp. 88-250, pis. v.-xvi. 

53. Woodward^ H. 1869. (On Etkdadia, a new genus of Ophiuridae.) Oeol. 

Mag., K.S., vol. vi. pp. 241-245, pi. viii. 

54. Wright^ Th. Britisb Fossil Ecbinodermata of the Oolitic Formations. 

Vol. ii. Tbe Asteroidea and Opbiuroidea. Palaeontogr. Soc. 1863-80. 



Digitized by VjOOQIC 



CHAPTER XV. 

THB ECHINOIDEA.^ 

CLASS III ECHINOIDEA. 

Sub-Class 1. Rbguulria Endobranchiata. 
Order 1. Bothriocidaroida. 
„ 2. Cystoddaroida. 
„ 3. Cidaroida. 
„ 4. Melonitoida. 
,, 5. Pleiioddaroida. 

Sub-Class 2. Keoularia Ectobranchiata. 
Order 1. Diademoida. 
Sub-Order 1. Oalycina. 
„ 2. Arbaeina. 
„ 3. Diadamina. 
„ 4. Bfthiwlna, 

Sub-Class 3. Irregularia. 

Order 1. Onathoatomata. 
Sub-Order 1. Holectypina. 
„ 2. Olypeaatrina. 
Order 2. Ateloatomata. 
Sub-Order 1. ABtemata. 
,, 2. Btemata. 

Knowledge of the Echinoidea or Sea Urchins is more complete 
than that of any other of the classes of Echinoderma. The 
class is widely distributed at the present day, members of it 
living in seas of all parts of the world and at all depths. It is of 
great antiquity, and fossil Echinoids occur abundantly in rocks of 
all periods since the Devonian, while a few are known from that 
system and from the Silurian. Moreover, as the classification of 
the Echinoids depends either upon the skeleton, or upon structures, 
the characters of which can be inferred from those of the skeleton, 
the systematic position of a fossil can generally be determined with 
as much accuracy as that of a recent specimen. 

1 By J. W. Gregory, D.8c M& eloMd at «nd of 1896. 
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The very varied habits of the Echinoids farther increase the 
value of this class. Some sea-urchins barrow into sand, and others 
bore into rocks. Some seek the shelter of rock-pools or the quiet 
of a muddy sea-floor below the limit of tidal action. Others 
cling to rocks between tide-lines, choosing the positions that are 
most exposed to the bu£feting of a tropical surf; others again 
crawl over, or lie half- buried in, the ooze of abyssal oceanic 
depths. Some feed on algae; others swallow mud and live 
on the organic matter it contains. Of some the young develop 
directly, of others indirectly, the latter undergoing a metamor- 
phosis during development. The modifications in structure by 
which Echinoids are able to adapt themselves to these different 
habits are so well marked, that the conditions under which fossil 
sea-urchins lived can generally be determined. Hence the group is 
of great value to the geologist Such rich series of Echinoid faunas 
are known, that the life-history of the class can be written with 
greater completeness than that of any other group of Echinoderms, 
and as completely as that of any class in the animal kingdom. 

Little, however, is certainly known as to the relations of the 
Echinoidea to other Echinoderms. The group is so compact and 
well marked, that the distinction between it and the other classes 
was known to Aristotle, and has never been in doubt. Moreover, 
the class has been as well defined as it now is since Silurian times. 
The recognition of the sea-urchins as a distinct group of Echino- 
derms is, therefore, as old as zoology. A sketch of the history of 
work upon the Echinoids need only consider the determination of 
the main points in their anatomy, life-history, and classification. 

The earliest account of the natural history of the sea-urchins 
is in Aristotle's History of AninialSj wherein the common edible 
species of the Mediterranean (Echinus escuUTiius) is described 
with considerable accuracy. Aristotle called this animal Echinus 
(Extvos), the Greek for hedgehog, a term subsequently given to the 
best known genus, and used as the root of the name for the class. 
In the same book three other types of sea-urchins are mentioned, 
viz. BrissuSy Spaiangus, and Echinometra ; and these names are 
still used in Echinoid nomenclature. Aristotle's account shows 
that he had studied both the habits and anatomy of the animals ; 
thus he knew that Echinus could walk upon the tip of its spines, 
had five teeth, five unpaired ovaries, a pharynx, and stomach. In 
mediaeval times Echinoids were described by Rondelet (1554) and 
Aldrovandus (1606 and 1648); but it was not till the beginning 
of the eighteenth century that any observations of scientific value 
were published. The first important post-classical contributions 
to the subject were the works of Breynius (1732) and Klein 
(1734). The former in his De Echinis d Echiniiis^ and the 
latter in his NcUuralis DisposUio Echinodeimaium^ figured and 
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described many genera and species of Echinoids; but, as their 
names were not binominal, tbey are not accepted. Gualtieri in 
1742, and Seba in 1758, used the names and methods of their 
predecessors, and described additional species. In the latter year 
Linnaeus adopted the binominal system of nomenclature in the 
tenth edition of his Stjsiema Naturae, but in other resf^ects his 
treatment of the Echinoids was retrograde. He accepted sixteen 
species ; but although among these there were such different types 
as Eekintis uculenius, Cidaris, Eehifumietraf Colobocenfralus, Arachnoides, 
Clypeaster, etc., he included them all within a single genus. He 
thus threw back the study of Echinoids for twenty years. It was 
not till 1778 that Leske (48) reintroduced the sound system of 
work adopted by Breynius and Klein, which had been discarded by 
Linnaeus. Leske's edition of Klein, with his own " Additamenta," 
therefore forms the real starting-point of systematic Echinology. 
No important advance from this was made until the publication 
of Lamarck's Hidoire Naiurdle des Animaux saris VerUhres in 1816. 

From this date progress was rapid ;^ the principal contribu* 
tions being made by Gray (1825), de Blainville (1830), Desmoulins 
(1837), L. Agassiz (1836, 1840, 1841, 1842), and Desor (1842). 
In 1846 and 1847 the last two authors published a complete 
synopsis of knowledge up to that date in their Caidlogue RaisonnS 
des Echinides, Since then the literature of the Echinoidea has 
been voluminous. The existing species have been described by 
Liitken, Diiben and Koren, Lov^n, Leuckart, Peters, Grube, 
Doderlein, Thomson, Bell, and especially by A. Agassiz. Our 
knowledge of Palaeozoic Echinoids is mainly due to M'Coy, C. F. 
Komer, J. Miiller, Desor, Meek, Worthen, Hall, Neumayr, Duncan, 
Keeping, and Jackson ; of the Mesozoic faunas to d'Orbigny, 
Cotteau, Wright, de Loriol le Fort, Clark, Schultze, Lambert, 
Gras, Forbes, S. P. Woodward, etc. ; of the Gainozoic to Dames, 
Laube, Cotteau, de Loriol, Forbes, Bittner, Gauthier, Peron, 
Pomel, Duncan, Sladen, Hutton, Sismonda, Michelin, Grateloup. 

Dujardin and Hup^ (21) in 1862 attempted a synopsis of 
the whole of the Echinoidea. Desor's Synopsis des Echinides 
FossUes (1854-58) is the last reliable summary of the fossil species, 
as is Agassiz's Revision of the Echini of the recent. Revisions of the 
genera were arranged by Pomel in 1883 and Duncan in 1890 (24). 

The morphology of the Echinoidea was first seriously studied by 
L. Agassiz and Valentin, whose account in 1842 (5) of the skeleton 
and visceral anatomy was based mainly on Siromiyloceniroius lividns^ 
Lam. sp. The circulation had been previously described by Tiede- 
mann (1815) and Delle Chiaje (1825), and the nerves by Krohn 

* Reference to part of the literature is given on pp. 328-832 ; a bibliograpby up to 
1872 is given by A. AgaeNiz (1), pp. 1-9. Some of the general works are inclnde<l in 
tlio lists for Stelleroidea (p. 279) au<l for Echinodeniia generally (p. 35). 
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(1841). The next important advance was made by the memoirs of 
Joh. MtQler (1850-57) who gave a full account of Cidaris, Among 
later general contributions to anatomy may be mentioned those of 
Teuscher (1876), Koehler (1883), Prouho (1887), FrM6ricq (1876), 
Perrier (1869 and 1875), Hamann (1889), and the last part 
of A. Agassiz's Bimskn, Special types have been described in 
separate memoirs, such as (Maris and its internal branchiae, by 
Stewart (1880); SpaJtangWy by Hoffmann (1871); Asihenosoma, 
by P. and F. Sarasin (1888); Phormosoma, by Bell (1889); 
Dorocidaris, by Prouho (1888) ; Powialesia, by Lov^n (1883). 

Knowledge of the anatomy of the skeleton is due to many 
students, but especially to the masterly series of memoirs by 
Lov^n. The structure of the spines has been described and their 
tazonomic value shown by Mackintosh (63) and A. Agassiz (1, 2) ; 
the fascioles were first used in classification by Liitken. The pedi* 
cellariae were first described by 0. F. Miiller, who regarded them 
as parasites, a view disproved by Delle Chiaje ; L. Agassiz con- 
sidered them to be young Ediini, which was shown to be erroneous 
by Valentin's detailed figures. An attempt to use pedicellariae as 
a basis for classification was made by Perrier (1869-70); their 
function has been the subject of a long controversy. 

The study of the embryology of Echinoidea was begun by Derb^s 
in 1847, and by MuUer in a series of memoirs (1848-55); it was 
continued by Krohn (1849-57), A. Agassiz (1864), Metschnikoff 
(1868-69), Bury (1889 and 1895), Th^l (1892), MacBride 
(1896), and others. 

The term Echinoidea, now used as the name of the class, was 
applied by Aristotle to animals that resembled Echinus, which has 
always been regarded as the most representative genus. Though 
in some ways rather complex, it may be conveniently studied as 
jk Typical Sea-Urchin, since specimens can be easily obtained. 

The Skeleton. If we examine a specimen of the common 
British species Echiims esculenius, we first notice that it is 
covered all over by short, bluntly pointed spines, which are 
coloured violet at the tips. If we pull off the longest spines, 
we find between them a number of smaller " secondary " spines 
(compare Fig. XXXIII.). After removal of all the spines, the 
general character of the main shell can be seen. It is com- 
posed of closely fitting plates, which together form the rigid 
"test" or shell. The shape is rounded in transverse section; 
the surface on which the mouth opens is flattened, while the 
upper half of the test may be either well rounded or sub-conical. 

On the centre of the lower flattened surface there is a large 
flexible membranous area covered with loose plates which bear 
short spines. This is the " peristome " ; the mouth opens in the 
centre of this space; its exact position can be determined by 
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the presence of five sharp teeth, which, if not extruded so as to be 
seen, can at once be felt. At the other end of the axis of the 

body there is a smaller membranous 
area, the "periproct," in the centre 
of which is the anus. The periproct 
is surrounded by a circle of five plates 
(Fig. I.), one of which is larger than 
the rest; this large plate bears a 
small perforated prominence, called 
the " madreporiform tubercle " or 
" madreporite " (m). Through the 
pores in this plate water passes to 
the series of canals known as the 
water-vascular system. Each of the 
other four plates of this apical circle 
is perforated by one of the pores 
through which the genital products 
escape to the exterior. These five plates are therefore known as 
the *' genitals " (g). Alternating with them are five smaller plates 
(a), each perforated by a pore, through which passes a process 
ending in a sensory eye-spot. These plates are therefore called 
the '' oculars." The whole ten plates form a group known as the 
** apical system." Between the apical system and the peristome is 
the main test. Ten lines of suckers may be seen in a fresh 
specimen, radiating from the five ocular plates ; two lines start 
from each ocular, and pass in a straight series round the test to 
the edge of the peristome. As the two series of suckers are 
arranged like the rows of trees in an avenue, the area bounded by 
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Fio. L 

JMUntu McuIenhM, Linn., apical 
•7it«m and p«riproct. m, madr«- 
porite ; p, genital platea ; p.p, geni> 
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plates ooTerinff the periproct, in the 
centre of which opena the auua. 



Fig. n. 

Ambulacral (1) and interam* 
bulacral (2) pUtes of EOiinvM 
MciJenlvt. ti, (* are the primary 
and eecondarv tubercleK; 9, 
nuien 



miliary granules ; 
ambulacral pUte ; 
with a pore pair 
mamelon. 



; a, epfpodiuni 
*; 6, Dom; m, 





them has been called an amlnUacrum,^ As there is one ambula- 
crum to each ocular, there are five in the complete test, separated 
by five broader interambtdacra. 

Each ambulacrum and interambulacrum consists of a double 
row of plates in vertical series running from the apical system to 
the peristome. Each interambulacral plate (Fig. II. 2) is irregu- 
larly pentagonal in form ; the angles are sharp and regular, but 
the plate is elongated in a horizontal direction. Each plate bears 
a number of " tubercles," of which there are three sizes — primary 

^ From ambulacrum^ an avenue or a walk between trees. 
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(p)^ secondary (^), and miliary (p^). The primary tubercles are 
the largest, and bear the primary spines ; each tubercle consists 
of a rounded base or '' boss '\ (6), on the centre of which is a small 
pimple or '^mamelon" (m). Around the base of each primary 
tubercle is a smooth, level surface called the " scrobicule/' which is 
generally surrounded by a circle of granules called the *'scro- 
bicular circle." Scattered irregularly over the plates are the 
smaller secondary tubercles which bear the secondary spines, and 
between these are large numbers of smaller elevations known as 
"miliary granules" (3), 

The fimction of these tubercles and granules is the support of 




Dlagnun of geinmlfono padicelUrIa of 
ZcAintu cuntdu (after Hamann). ajm^ ad- 
ductor luusclM ; e.m, extensor musdee ; 
/.ffi, flexor miiacles ; yi, gland ; yi.e, 
glandnlar epitbeliom ; «.o, item oeaicle. 



Fig. hi. 

Appendages of Echinyu. TranHvente 
■ecUon of apine (magnitted). 

the appendages known as "spines" 
and " pedicellariae." The Spines, 
like the tubercles, are of three 
sizes — primary, secondary, and 
tertiary — the structure of each of 
which is fundamentally the same. 
Each consists of a long shaft, 
marked by longitudinal flutings ; the bas^of the spine is hollowed 
into a cup or condyle, which fits over the mamelon of the tubercle. 
Around the condyle is the collar of the spine which projects above 
the level of the shaft, and serves for the attachment of the muscles 
which fix it to the test. A transverse section of the spine (Fig. 
m.) shows that it is made up of a number of solid wedges, radiating 
from a central axis, and separated by bands of porous tissue.^ The 
smallest spines consist only of tiny needles of porous tissue, and 
agree in structure with the spines of the second type of appendage. 
The pediceUarias (Fig. IV.) consist of two or three beak-like 

^ The tpine U therefore, acoordiog to the terminology of Meckintosh (SS), poly- 
cylic and acanthosphenote. 
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▼alves attached to the end of a flexible stem. The valves open 
and shut like a bird's beak, or like the avicularia of Bryosoa. 
They have been seen to seize particles of the excreta of the urchin 
and pass them on from one pedicellaria to another, until they fall 
over the margin of the test. Their main function, however, appears 
to be defensive. When a starfish attacks a sea-urchin, the latter 
bends down its spines and thus exposes its pedicellariae ; these 
seize hold of the tube-feet of the starfish, which their bites appear 
to hurt The pedicellariae, however, are always torn away, as they 
cannot relax their hold ; and thus, if an urchin is attacked by 
a series of starfish, it is in time rendered defenceless (Prouho, 70). 
The sphaeridia are also modified spines ; they are globular in 
form, and lie in pits around the peristome (Fig. V.). 

The ambulacral plates (Fig. 11. 1) are ornamented by tubercles 
and granules like those of the interambulacral plates, though 

smaller; but the plates differ 
in structure. The interam- 
bulacrals are solid, whereas 
the ambulacral plates are 
pierced by small holes, 
through which pass the 
suckers or podia of the am- 
m^ *. *t!° I . * . 1 1 * # bulacra. The pores occur 

Tranivene iiection through perUtoinial plateit of . . _ ' , . . 

Ctmoiter Allowing a globular q>haeridiuui in itit pit. in pairS, and Cach pair 18 

(After Lovcn.) surrouuded by a raised 

ring forming an epipodium. There is one epipodium to each 
primary ambulacral plate ; but, except at the summit of the am- 
bulacrum, the primary plates are united into compound plates, 
each of which has as many epipodia as there are primary plates 
in it. In one of the plates in the middle of the ambulacral series 
there are three pairs of pores, which occur in a curved series or 
arc. This arrangement of the peAra is due to the crowding of the 
plates during growth ; owing to the same cause, the elementary 
ambulacral plates no longer always extend right across the half 
of the ambulacrum to which they belong, but are cut off from 
the median suture by the union of adjoining plates behind them. 
Plates thus cut off from the central suture line are known as 
" demi-plates." In an ordinary Echinus eseulentus each compound 
ambulacral plate (Fig. XII. 4) consists of one central demi-plate 
{d) between two primary plates (p). 

The principal remaining elements in the skeleton are those of 
the five jaws, and of the internal processes, to which the muscles 
that work the jaws are attached. The Dental Apparatus (Fig. YI.) 
is a conical structure which is placed apex downwards over 
the mouth. The axis is hollow and contains the pharynx or 
commencement of the oesophagus. The dental apparatus consists 
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of twenty pieces. The largest of these are the five pyramids (Fig. 
YI. I?) ; they are shaped like the sectors of a cone, being pointed 
at one end, having two flat sides, and with a curved outer margin. 
The flat sides are marked by transverse ridges, which serve for the 
attachment of the muscles that bind the pyramids to one another. 
The pyramids are hollow, and in each of them lies a long, curved, 
keeled tooth, the hard point of which projects through a hole 
at 'the pointed lower 
end of the pyramid. 
Above the suture be- 
tween a pair of pyra- 
mids rests a short, thick 
bar known as the brace; 
above the brace (6) is 
a curved bifid process 
or " compass " (cp). 

Round the inside of 
the peristome is a hard 
raised rim (Fig. VII. 
f,r) which rises into an 
arch over each of the 
ambulacra. This is the 
" perignathic girdle," 
and to it are attached 
the muscles which work 
the masticatory appara- 
tus; one set of muscles 
attached to the pyramid 
pulls the jaws apart; 
other sets, attached to the braces and compasses, pull them down- 
ward and drive the teeth together. 

The remaining skeletal structures are small and unimportant, 
and consist only of scattered calcareous plates and spicules which 
are distributed through the tissues. The principal of these are 
the " rosettes ** or " pellions " (rings of plates which support the 
suckers), and spicules in the stems of the podia. 

The internal anatomy of the Echinus may be most conveniently 
studied by the removal of the upper half of the test. The five 
ovaries will then be seen lying in the upper parts of the inter- 
radia, and the great coiled intestine occupying most of the 
interior. The main features in the internal anatomy are shown 
in Fig. VII. 

The Alimentary Canal begins with a mouth (nU) situated at 
the centre of the peristomial membrane (pst) ; from the mouth the 
muscular pharynx {ph) passes upwards through the central tube 
of the masticatory apparatus. The oesophagus (oe) runs horicon- 
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tally from the upper end of the pharynx to the lobed stomach («), 
which is twisted in a spiral twice round the body cavity ; it con- 
tracts above to the rectum (r), which opens to the exterior by an 
anus (a), situated in the centre of the apical system. 

The Water-vascular System. Above the top of the dental 
apparatus a vessel may be seen running round the oesophagus, 
tiiis is the circumoesophageal ring of the water-vascular system 
{fMji^, From it five radial vessels pass downwards outside the 
masticatory apparatus to the peristomial membrane; there they 
bend upwards, pass beneath the arches of the perignathic girdle 



Pio. VII. 

Diuprmmmatlc vertlctl section through iScAinv^. a, anus; amp, aintmlaenl plate: op, 
ampulla ; 6, branchiae ; e.a.v, oircumoeaopliageal venel of wat«r*vaaeakr aystem ; dj^ donlal 
orijan ; 9, gonad ; i?i, inadreporite ; -ml. niouth ; n.r, nerve ring ; oe, oeaophagua ; ^.o. arch of 
perignathic girdle; pd, podia; p^ pharynx; pde, pediceUaria; pp^ peripioct; p.r» ridge of 
perignathic girdle ; jMt, periitome ; Tp\i* PTramida of roaaticatory apparatus : ••» reetom ; r.«.Cp 
radial nerve cord ; «, stomach ; «.«, stone canal ; m^, sphaeridia ; 9p^ %\w e ; j(» StewartTi 
organ ; (6, tobercle ; r, Polian vesicle on circumoesopoagesl Teasel. 

(p.a), and one runs up the inside of each ambulacrum. Branches 
from the radial vessels are given off alternately to right and left ; 
one of these branches passes to each pore-pair, below which it opens 
to a pair of pocket^haped vesicles or ampullae (op). From each 
ampulla a small tube passes through boUi pores ; the two tubes 
unite on the exterior to form the shaft of the tube-foot or 
podion (pe^). 

The water-vascular system round the peristome of an irregular 
Echinoid u shown in Fig. XLIV. The water-vascular ring (tp.v.r) 
lies above the peristomial membrane, and just above the circumoeso- 
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phageal nerve ring, which can be seen in the figure, connecting the 
five ambulacral nerve cords {(im,iC). 

The walls of the podia are strengthened by calcareous spicules, 
and expand at the end into a sucker. The function of the tube- 
feet is to help in locomotion. The sucker is pressed against a 
smooth surface; water from the reservoir or ampulla is driven 
into the podion, and the tube-foot is thus rendered tense and rigid. 
The rosette of plates in the sucker is pulled backward, when a 
vacuum is left between the sucker and the surface against which it 
is pressed. Firm attachment is thus secured, and the animal can 
drag itself along (for action, see Fig. XLIL). So powerful are 
these suckers that, by their means, the Echinoids of the genus Cdoba- 
ceniroius (Fig. XXXIV.) can cling to exposed rock surfaces, fully 
exposed to the surf of a coral reef. 

The supply of water to the water-vascular system is introduced 
by a membranous vessel — the stone-canal (s.«)---which rises from 
the circumoesophageal ring, and is attached to the plate of the 
apical system which bears Uie madreporite (m). As we have seen, 
this plate is perforated by many smtJl pores, through which water 
can pass into the stone -canal. Owing to the small size of the 
pores, the water is filtered as it enters. In Echinus eseuknius the 
stone-canal is membranous, and the name therefore appears inap- 
propriate. The name was first applied to this canal in the genus 
CidariSf in which it is hard and calcareous. The flow of water in 
the interior is regulated by five '^Polian vesicles," situated on 
the circumoesophageal ring, and acting as reservoirs. The latest 
account of the function of these vesseid is given by Uexkiill (82). 

The main points in the distribution of the water-vascular vessel 
can be easily verified ; but the Blood-vascular or haemal System 
is more obscure. The most important structure is an ovoid body 
(Fig. VII. d.o), situated beside the stone-canal; it is known as 
the " dorsal or axial organ," and by other names (see Chapter VIII. 
pp. 23, 25). Its canal joins above with the stone-canal ; it is said 
to open to the exterior through the madreporite, but this is denied 
by some authorities (as Hamann). Round the upper end of the 
'* canal of the dorsal organ" is a circular canal known as the 
''genital ring," which appears to be connected with a series of 
haemal vessels or lacunae which surround the dorsal organ. In 
this case it must be also connected with a ring round the oesophagus, 
from which five branches pass downward beside the pharynx, and 
then run up along the test below the ambulacra. The " circum- 
oesophageal haemal vessel " is connected with a haemal vessel which 
runs along the inner side of the stomach. 

A thml group of canals or vessels consuts of a circular sinus 
round the oesophagus, from which five branches run up the ambu- 
lacra between the radial water-vascular vessels and the radial nerve 
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cords. This group of sinuses is known as the " pseudhaemal 
system." 

The function of the haemal and pseudhaemal systems has been 
much debated, and the relations of their various members are still 
uncertain. The dorsal organ is sometimes said to be a kidney, 
as by Hamann (38) and the Sarasins (72). Hartog (39) has 
supported this by claiming that the circulation is outward 
through the madreporite; but Gu^not and Ludwig (62) main- 
tain that the current is inhalent. Leipoldt and Prouho (70) 
point to the absence of any glandular epithelium and of any 
connection between the cavity of the organ and the general body- 
cavity. They therefore deny that the organ is a gland, and regard 
its function as the making of amoeboid cells for the perivisceral 
fluid. It therefore seems most probable that the haemal system 
distributes nutrient material through the body, both in solution 
and by corpuscles (see also Durham, 1 1 of previous list, p. 36). 

A third circumoesophageal ring is that of the Nervous System 
(Fig. YII. njr). This is placed below the water-vascular ring. From 
it five radial nerve cords {^jiK,&jy the ambulacral nerves, pass up the 
inside of the test, between it and the ambulacral water- vascular 
vessel. Branches from the ambulacral nerve cord pass right and left 
to the ampullae, and give off smaller branches which pass through 
jA the pores to the suckers 

• (Fig. VIII.). The branches 

fork, one half running up 
d, the podion and the other 

expanding over the surface 
of the test as a plexus, 
which controls the move- 
ments of the spines and 
the pedicellariae. A small 
nerve ring (n.<p) surrounds 
Fio- VIII. the base of each spine. 
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pore; ii.fxt, branch of Derre to tube foot; 11.x, bnmoh • . ^ « i_ v» 

of nerve nrnniog MTOit teet to %,wp. the tpiua COnSlSt Of llVe branching 

5S?;i*(rtSli?%.tSJJJ'rjl^ar.Sr^ gJ^nd. (Fig. Vn. g\ wUch 

lie attached to the inter- 
ambulacral plates in the upper part of the body-cavity. Each of 
the five organs opens to the exterior by a single tube which passes 
through the pore in a genital plate. The young of EdwMa are 
free-swimming plutei, and undergo a metamorphosis during the 
development and resorption of the pluteal skeleton and its append- 
ages (cf. development of ^cAtiux^yamiM, Chapter YIII. pp. 15-17). 

Respiration is largely effected by the aeration of water in the 
podia ; but in addition to this there is a series of five pairs of small 
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folded branchiae or gills (Fig. YII. h) lying on the margins of the 
peristomial membrane. These are diverticula from the general 
body-cavity, and pass out by the ten notches in the peristomial 
margin of the test. There are, moreover, five large internal 
vesicles rising from the upper edge of the masticatory apparatus ; 
these are known as " Stewart's organs '' (Fig. YII. 5/), and may 
act as internal gills. 

The ordinary EckvMiAy then, has the following characters : — It 
consists of a skeleton, which Is mostly external, and is com- 
posed of numerous closely fitting polygonal plates, bearing spines. 
Within, it has a simple, coiled, alimentary canal, with mouth and 
anus at the opposite poles; it has five generative glands; an 
elaborate series of water-vascular vessels, provided with podia^ 
ending in suckere. This water-vascular system, the blood-vascular 
system, and the nervous system each consist essentially of a 
ring round the mouth, from which five branches pass outward, 
one up the inside of each ambulacrum. 

Among the Echinoids the Variations in Stractnre from this 
simple type are very diverse. Thus the form, instead of being 
globular, may be depressed into a thin, flat sheet, in which the 
wide, low roof has to be supported by pillars, as in Seutdla (Fig. 
XXXV. 4). In some of these thin forms the posterior margin of 
the test is lobed and digitate, as in 
Raiula (Fig. IX.) ; in some cases the 
ends of the processes unite, leaving 
perforations or '* lunules." In such 
depressed forms, owing to the sharp 
division of the test into upper and 
lower halves, the central podia of 
the former are useless for purposes 
of locomotion, and are specialised 
to serve as branchiae ; thus the am- 
bulacra become modified into petaloid 
and extra - petaloid portions. The 
ejection of the excreta throufi^h an 

Pin lY 

anus situated in the middle of these 

branchiae would be disadvantageous, tiSi'^andT^I^Jf^nSrio^^^^^ 
owing to the consequent pollution of 

the water. Hence, in such forms, the anus has passed backwards, 
and opens in the hinder part of the test. This backward move- 
ment of the anus is usually balanced by the forward movement 
of the mouth, and thus the Echinoid loses its quinqueradiate 
symmetry and becomes bilaterally symmetrical. 

This change affects not only the position of the external 
apertures, but the development of the internal organs. Owing to 
the invasion of the posterior interradius by the anus, the generative 
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gonad there aborts ; the gonads thus occur as two lateral pairs, and 
increase the bilateral symmetry of the Echinoid. This is further 
strengthened by changes in the structure of the apical system 
of plates. This system, as in Cidaris or Echinus (Fig. I.), consists 
of a double circle of plates. The inner circle is formed by the 
five genital plates, which are often called the basals. As the 
latter name has been given to them on the ground that they are 
the homologues of the basal plates in Grinoids, the older name of 
genitals is here retained. The outer circle of plates occur in the 
angles between the genitals, and as they bear the " oculi," they 
are called the oculars ; they have in turn been regarded as homo- 
logous with the radial plates of the Grinoid cup and called ''radials," 
while Gu^not, on a different theory of homology, calls them the 
" terminals." As the double circle of plates surrounds the anus, 
this form of apical system is known as " endocyclic." From its 
typical arrangement, as seen in Cidatis, variation takes place in 
two directions. The extreme of one line is seen in Tiarechinus (Fig. 
XVIII.) and Lysechinus, in which the apical system of plates forms 
either half or nearly the whole of the test. In the other direction the 
plates become less important ; in Aspidodiadema (Fig. XXII.) they 
form a single ring of ten plates ; and in Asthenosoma (Fig. X.) they 
^ are either reduced to ten rudimentary plates of no 

#«|^ functional importance, or are altogether absent. 
^*^^§ The membrane which lies between the anus 

a..^-# f ^ and the genital plates is generally covered by num- 
t^^i erous small plates, known as the "anal plates." 
Fig. X. In %om^ genera, such as Acrosalerda, some 

Apical syntem of of the aual plates are large and thick, and are 
a'^iSPopSJSIS: firmly attached to the genitals. One of these 
(irtw p. and F. Bar- plates may increase at the expense of the rest, 
until, as in the genus SaUrUa, there is one large 
suranal plate attached to the genitals (Fig. XIX.). This plate 
has been regarded as the homologue of the imaginary dorso- 
central plate of the Grinoids. This plate pushes the anus back- 
ward from its originally central position. 

A tendency towards the retrogression of the anus is shown 
in all groups of Echinoids. One of its effects is the pulling 
out of the posterior plates of the apical system, and the consoli- 
dation and increase of those in front. Thus in Zevtglopleurus the 
anterior genitals meet along the middle line, while the posterior 
genitals become narrow and are completely separated from one 
another by the oculars. In Pygader (Fig. XI. 1) the retrogression 
has become so marked that the anus lies just outside the apical 
system, which is therefore '' exocyclic.'^ In Clypeus (Fig. XI. 2, 3) 
the anus becomes completely detached from the apical system, 
which is no longer a ring of plates, but a compact group. 
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In EA^\Li the madreporite (Fig. I. m), or the opening of the 
water-yascolar system, is on the right anterior genital plate. After 
the anus has receded from the apical system, the madreporite 
begins to follow it. In a simple compact apical system the pores 
of the water-vascular aperture occur only in the right anterior 
comer of the system. Such a system is said to be " ethmophract," 
as in Ditandea or Micrader (Fig. XI. 4). In more advanced forms 
the pores and the plate on which they open extend backward until 

I. 





4 Fig. XI. 5 

Apical BTftems of BcIiinoidML 1, Fygeuter umbnOa : 2. (Zyptui Hnuntw ; 8, Clypeui Huai / 
4, Dtaooldea etmioa; 6» Spattmifm jmrpurtui. In 1 and S the aniM is still in oontaet with tha 
apical STstem ; in 8 it is firee ; 4 is ttliniopbiact, and 6 athmoljsian. 

they separate the two postero-lateral genitals, as in Spaiangus 
purpwreus (Fig. XI. 5). Such an apiod system is said to be 
" ethmolysian." 

Another change in the apical system is wrought by the elonga- 
tion of the test in the antero-posterior direction, whereby the 
apical system becomes elongated. The plates of the two pairs of 
genitals become adjacent, and completely separate the anterior 
and the two pairs of oculars from each other ; the three anterior 
ambulacra usually meet close together, and are separated from the 
two posterior ambulacra by a wide space. The three anterior 
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ambulacra then fonn the "trivium,'' and the two posterior form 
the ''bivium/' This may be clearly seen in the common Chalk 
Echiiioid, Echinocorys seniatus^ Leske (syn. Ananchfies avaixUy Lam.), 
(Fig. XXXV. 2). In some cases the separation of the trivium and 
bivium becomes greater; it is finally completed in the Jurassic 
genus CoUyriUs^ and the living genus PawrtdUsiaj in which the 
apical system is broken up into two parts, separated by a zone of 
ordinary interambulacral plates^ 

Important changes also take place in the plates of the test, 
affecting both their structure and arrangement. 

The Interambulacral Plates are biserial in the great majority 
of Echinoidea, but they may be ufiiserial, triserial, or mnltiseriaL 
Each plate may bear one tubercle or more than one ; to increase 
the strength of the muscular attachment of the spine, the mamelon 
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4 Fio. XII. 5 

Types of ambalacral pUtes. 1» cidarold ; 2, diademold ; 8, arbacioid ; 4, ochinold ; 
5, cyplioioinold. d, demlpUtes ; p, primary plates. 

is perforated by a small hollow, and the boss becomes irregular, 
owing to a series of crenulations. 

Thus among other variations of interambulacral plates are the 
following: — ^Those which are unituberculate with the tubercles 
either plain or crenulate, perforate or imperforate; those which 
are bi- or multi - tuberculate, and have the tubercles either 
perforate or imperforate; those which are granulate, as in 
Paktechinus ; those which have their edges bevelled, as in Echifuh 
ihuria. 

The principal variation in the Ambulacral Plates is in the 
number of elementary plates (shown by the number of pore-pairs) 
in a compound plate. There are five main types : — 

1. The cidaraidy when all the plates are low, simple primaries, 
as in the Gidaridae, Orthopsinae (Fig. XII. 1). 

2. The diademaidy when all the ^tes are primaries, but they 
are united in sets of threes into compound plates (Fig. XH 3). 
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3. The a/rhadoid^ when the compound plates are formed of 
three simple plates, the middle one being a large primary, while 
the other two are small demi-plates (Fig. XII. 3). 

4. The echinoidy when the compound plates are formed of three 
simple plates, but the middle plate is a small demi-plate, and the 
two others are primaries (Fig. XII. 4). 

5. The cyphosomaid type, when the compound plates are formed 
of many simple plates arranged in arcs, in which the middle com- 
ponents are demi-plates (^ig. XII. 5). 

In most of the compound ambulacral plates, one or more of the 
constituents become " demi-plates " by losing their contact with 
the vertical suture on either side of the series. In some Echinoids 
some of the plates are further reduced by growth-pressure, so that 
they lie along the horizontal sutures between the primaries, as in 
the Echinothuridae, or form broad areas of numerous small plates, 
as in the Melonitidae. For these plates the name of "klasma- 
plates " has been suggested. 

One important variation affects both the ambulacral and inter- 
ambulacral plates. In some forms, such as Asthenosoma, the plates 
are thin and attached to powerful lateral muscles (Fig. XXX.), by 
which the test can be contracted and 
expanded. In such Echinoids the plates 
are not closely fitted like stones in a 
mosaic, but the edges are bevelled, so 
that the plates overlap like slates on a 
roof. 

The Mouth Armature also under- 
goes great changes, which may be best 
seen by the nature of the perignathic 
girdle, of which there are five main 
types. In Cidaris (Fig. XIII. 1) it is 
" disconnected," consisting only of an 
erebt "ridge" situated on the inter- 
radial plates around the peristome. 
In Salenia (Fig. XIII. 2), in addition to 
the ridge, there are small '* processes " 
on either side of the ridge — the pro- 
cesses arise from the ambulacral plates. 
In the Diadematidae and Echinidae 
(Fig. XIII. 3) the ridge becomes insig- 
nificant and the processes important ; 
they lengthen and form an arch across 
the ambulacra. The perignathic girdle 
is then said to be " continuous.^' The extreme form is met with 
in such genera as Echinameira (Fig. XIII. 4), where the arch is 
strengthened by a strong cap. In those Echinoids in which the 
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Fio. XIII. 



Types of perignathic girdles. 1, 
disconnected type of Cidaris / 8, dis- 
connected tsrpe of SdUnia ; 8, simple 
arch of Diotdema; 4, capped arch of 
Mdiinometra. a, ambulacral platM; 
amr, anricle ; e, cap; i, interaubola- 
eial plates; ua,p, intenmbnlacral 
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apical system is ezocyclic, the jaws become less important. In 
the Clypeasters the jaws are massive, but their power of move- 
ment slight, as they are poised on small vertical processes which 
fit into a socket on the pyramids. 

In the Holectypina we see a gradual reduction of the peri- 
gnathic girdle, the processes becoming low and the ridge important 
(as in Diseoidea), until in Gaierites the ambulacral processes are 
absent, and there are only five low interradial thickenings which 
act as ridges. Finally, from the Atelostomata the perignathic 
girdle and jaws are completely absent. 

The Generative Olands are fairly constant in character, but their 
number varies, one or more being lost in many Irregular Echinoids. 
The young are generally free-swimming plutei, but some species 
are viviparous, the young being nursed in marsupial depressions 
(Fig. XLIIL, see Wyv. Thomson, 81). 

In spite of these great variations in structure there are several 
characters common to all Echinoids. By the selection of those 
structures which are found in all the Echinoids (except when they 
have been lost by obviously secondary modification) it is possible to 
conceive a schematic Echinoid. This is useful, as it helps us to an 
idea of the primitive ancestor of the class, and as it brings into pro- 
minence the features which separate the Echinoidea from the other 
Echinoderma. 

The Primitive Echinoid-^for which various names have been 
suggested — probably had a globular muscular body, covered by an 
irregular series of polygonal plates. It must have had a simple 
alimentary canal rising from a mouth situated at the centre of the 
lower surface ; at first, possibly, it may not have had an anus, 
which, when it came, opened on the upper surface. Three rings 
surrounded the oesophagus, and from each ring five branches passed 
up the test to the aboral pole. These three^ rings with their 
branches formed the water-vascular, blood-vascular, and nervous 
systems. Branches from the radial vessels of the water-vascular 
system passed between the plates of the skeleton to the exterior 
and acted as suckers. The suckers, by absorption of partfl of 
the plates, .at length passed out through pores, instead of through 
the sutures. The perforated plates were therefore marked off 
from the others and formed the five ambulacra, while the imper- 
forate plates between constituted the interambulacra. A tube 
connected the water-vascular ring with the exterior, and allowed 
the entrance of the necessary water by a single pore. Five un- 
paired gonads occupied the interambulacral areas. The primitive 
Echinoid did not have either a stalk, apical system of plates, 
masticatory apparatus, or perignathic girdle. 

Such an animal would have been regarded as an Echinoid, as it 
was not attached by the aboral surface, but on the contrary had 
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the mouth downwards ; as its gonads were quinqueradiate ; and as 
its ambulacra extended from the peristome almost to the aboral 
pole. The union of these three characters separates the Echinoidea 
from the rest of the Echinoderma. 

Proceeding to discoM the Sub-Claases^ OrderSi and Families of the 
Searurchins, we may sum up their common characters in the following : — 

IMacnoaia of tiie OUm.^ — The Echinoidea are eleutherozoic Echino- 
derma which are actinogonidial (14. having the gonads quinqueradiate) 
and zjgopodous (the podia extending from the peristome to near the 
aboral pole). The body is covered bj numeroos series of platesi usually 
polygonal and in vertical series. The apical system may be absent^ 
rudimentary, well developed, or very extensive. The gonads are un* 
paired and interradial. The body is spherical, or flat, or bilaterally 
symmetrical, and is covered by spines which may be long, stout, and 
strong, or present every stage of reduction to such as are fine and 
silky. An anus is always present, but its position is variable ; but 
it is either at the aboral pole or in the posterior interradius. Respiration 
is partly by gills and partly by podia. Development is either direct or 
indirect 

The usual primary subdivision of the Echinoidea is into two sub- 
classes — PALiBBOHiNoiDKA and EuBCHiNOiDEA ; the former including ap- 
proximately all the Palaeozoic, and the latter idl the Neozoic Echinoidea. 
The last formal attempt to define the two groups was that of Duncan 
(24, p. 4), which has been accepted by Jackson (41). 

Excluding from Duncan's diagnoses characten common to the two 
sub-classes, we find that the only distinction between them is that the 
Palssechinoidea have either one or more than two vertical rows of plates 
in each interambulacrum, and two or more vertical rows of plates in each 
ambulacrum ; while the Euechinoidea have two vertical rows of plates in 
each interambulacrum and in each ambulacrum. 

This classification is open to two fatal objections. The rule is not 
absolute. Thus in the Cretaceous genus Tetnu^dairiM there are four rows 
of plates in each interambulacrum ; and in such genera as the Euechinoid 
TV^wMiM^M, it is no more correct to say that there are only two rows of 
vertical plates in the ambulacra, than it would be to say so of the Palss- 
echinid FuJUiuiMkua which is described as having more than two vertical 
series. In the second place, the classification separates fairly close allies, 
and brings together extremely divergent forms. Thus, such a species as 
the Liassic Euechinoid Oidarii edwardii is far more closely allied to such 
a Pabsechinoid as ArehaeocidariB than the latter is allied to Tiar^chinuL 

The separation of these two sub-classes was originally based on several 
very definite characters, such as the imbrication of the plates, the flexi- 
bility of the test, and the number of pores in the genital plates. One by 
one these characters have been shown to be valueless for the purpose for 
which they wen used, but the classification based on them has been re- 
tained. It is preferable to return to the division of the Echinoidea into 
— Rboulabu and Ibrigularia. 

1 Emended from Bell (10), p. 214. 
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Sub-Class 1. Rkqularia Ekdobranchiata. 

Mouth and anus at opposite poles. Anus surrounded by the ajncal 
system of plates, when they are present. No external gills. 

Order 1. Bothrioddaioida, Schmidt 

Lov^n has shown that in many young Echinoids the interambulacram 
begins and ends with a single plate. In the oldest known Echinoids the 
whole interambulacrum consists of a single vertical series. The Echinoids 
in question are two species from the Ordovician rocks of Esthonia. They 
belong to the genus Bothriocidaria, Schmidt 

Boihriocidaris has a small test, on the top of which is an apical 
system (Fig. XIV. 2), composed of a ring of five large ocular plates, in 
the angles between which are five sniall imperforate genital plates. 
Each ocular plate has two pores. The anus is in the centre of the 
apical system, and the periproct is covered by six or eight anal plates. 
The test is mainly formed by the ambulacra. Each ambulacrum consists 



12 3 

Fio. XIV. 

.BothHocidarii Pahleni, Scliiiiidt ; Oixlovician, Runia. 1, from the tide ; 2, apical system ; 
8, periiftoiiiial plates. The interainbalacral plates are shaded. 

of two vertical series of hexagonal plates, each perforated by one or two 
pore-pairs. The interambulacra are narrower than the ambulacra, and 
consist of a single series of plates which do not extend to the peristome, 
from which they are cut off by the expansion of the peristomial ambulacral 
plates (Fig. XIV. 3). The most recent description of the genus is by 
Jaekel (42). 

Ordir 2. Cystoddaroida, Zittel. 

Echinoidea Regularia Endobranchiata with test ovoid, flexible. No 
apical system of plates. Madreporite and anus (when present) open in- 
dependently in the posterior interambulacrum. Mouth central Ambu- 
lacra of low, closely packed plates. Interambulacra broad, of numerous^ 
thin, and irregularly arranged plates, bearing short spines. A masticatory 
apparatus present. 

Family 1. Palaeodiboidab. Cystocidaroida with depressed, discoid 
body. The ambulacral plates are biserial, crowded, and narrow ; on the 
oral surface they are not perforated by pores, but the podia pass out 
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through the satoies between the platee. Near the aboral pole the 
ambalacra are narrower and pores occur in the plates. Qenus — 
FoloMdAtcm^ Salter, from the Silurian of Ludlow. It is the most 
primitive of known Echinoids and has been frequently assigned to the 
Stelleroida. The main radial water-vascular vessels appear, however, 
to have passed along the inside of the test instead of below or outside 
the ambulacral plates, as in Stelleroids (Salter, 42 on p. 280, amU; Neu- 
majr, 64 ; Gregory, 36). 

Familt 2. EoHiN^OTSTiDAS. Oystocidaroida, in which the ambulacra 
consist of narrow plates, each perforated by a pore-pair. The pore-pairs 
are biserial ; most of the plates are low primaries, but demi-plates also 
occur. Qenus — i?c^macy<fw, Wy v. Thoius, (turn Hall), Silurian ; one of 
the most remarkable of known Echiuoids. It has no apical system of 
plates, and the anus and madreporite both open independently in the 
posterior interradius. The genus is therefore sometimes described as 
ezocydic, but it is really acyclic (Gregory, 36). 

Ordbr 3. Oidaroida. 

Echinoidea Regularia Endobranchiata, in which the peristome is 
central ; the periproct is central on the aboral surface of the body, and is 
surrounded by the apical system of plates. The ambulacra each consist 
of two vertical series of simple narrow plates, some of which may be 
demi-plates. The interambulacral plates are unituberculate, bearing large 
spines. There is a dental apparatus. 

In the Devonian system the Echinoids are scarce, but their characters in- 
dicate amarked advance upon the Silurian species in the strength of the tests, 
owing to the greater thickness 
and regularity of the plates. 
Two main lines of differen- 
tiation are apparent In the 
first the increase takes place 
in the interambulacral plates, 
in the second the ambulacral 
plates become more import- 
ant The former is the order 
Cidaroida, the latter is the 
order Melonitoida. 

There are four families 
of Cidaroida, of which three 
are extinct The most typical ^^ 

genusis C^ry^; the earliest Dtog«„, of ««ag6«6ni of pUte. ntr pertotome 
and most primitive is Lepia<h in LepidoeeiUnu. Devonian, Oemiany. 

eenirui. 

Family 1. Lepidocbntridak. Cidaroida with ambulacral pore-pairs 
in a single series. Interambiilacral plates in more than two vertical rows. 
Test flexible, owing to imbrication of the plates. No interambulacral 
plates pass on to the peristomial membrane. This family is represented 
by four Palaeozoic genera — Lepidocentnu, Miiller, Devonian ; Lepideekinui^ 
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Hall, Devonian and Lower Carboniferoua ; KoninekocidarUt DoUo & 
BuisBeret, and Peritehodomui, MH^oy, both Carboniferous. The main 
character of the family is that none of the interambulacral plates occur 
detached from the test on the perittomial membrane (Fig. XV.).^ 

Family 2. Arohabocidaridab. Cidaroida with ambulacral pore- 
pairs in a single series. Interambulacral plates in more than two vertical 
rowa Test slightly flexible, owing to slight imbrication of plates. 
Peristome large, several rows of the interambulacral plates as well as of 
the ambulacral passing on to the peristomial membrane. The main char- 
acter of this family is that, while the interambulacral plates remain in 
more than two series and somewhat imbricated, in both of which 
features it agrees with* the Lepidoeentridae^ it has acquired the peristomial 
characters of the true Cidaridae. Qenera — Archaeocidarisy M^Ooy (Fig. 





Fia. XVI. 

1, Palmchiniu fphturicns, M'Coy ; Oirboniferotin. f, A plftte and tpiae of Ardkaeoddarii 
KHi, Fleiii. ; Carboniferous. S, Citlarit ytaHdi/h-a, Goldf. ; Juranslc. U, JiwmieidarU inUrm»dia, 
Fleiu. I Mid. Jurassic. 5, SaUnia itehdiftra, Dmiii. ; CretaceouH. 6, Dyntter ringttu. Ag. ; 
Januwlc. 7, EnalUuter Grmnovi, Forbes ; CretacooiiM. 6, Caiopw^ ooIumftardM, Jjua, ; 
Cretaoeoua. 

XVL 2), and Lejndocidaria, Meek & Worthen, both Carboniferoua In 
the latter some of the ambulacral plates are demi-plates. Xenocidarig, 
known from spines only, may also belong here. 

Family 3. Cidaridae. Cidaroida with ambulacral pore-pairs uni- 
serial and plates all primaries. Interambulacral plates in two vertical 
series in each area. Test rigid, as the plates do not imbricate. Several 
rows of interambulacral and ambulacral plates pass on to the peristomial 
membrane. The fieunily includes the living genus Oidariif Leske, with 
its numerous subdivisions — Bhabdocidarii, Chondrocidarii, Stenocidarity 
Diteocidariiy TyloeidarUy TypoddarUy DorocidariSj etc Oonioeidaru, DeSb; 
Orthoddaritf Cott ; Temnocidarisj Cott ; Polycidarii, Quenst, are also 
genera of Uiis family. Cidaris is one of the most primitive of recent 
Echinoids, and therefore one of the most instructive. 

^ The systMBstio value of this ohsracter is shown in Jackson's interestiiig paper 
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Fig. XVIL gives the aboral sor&ce of ddani (8Ureoeidar%$) subven- 
ctdoio, from the Chalk, showing its primitiTe dicyclic apical system ; its 
massiye interambulacral plates separated by very narrow ambulacra, com- 
posed only of low, simple primaries (Fig. XXL 1). The arrangement of 
the peristomial plates in this genus is very important ; the peristomial 
membrane is covered by loose plates which include representatives of 
both the ambulacral and interambulacral series. There are no arched 
processes over the ambulacra, the perignathic girdle consisting only of 
interradial ridges (Fig. XIII. 1). The internal gills,^ or Stewart's organs, 
are well developed. 

Faxilt 4. DiPLOCiDARiDAE. Cidaroida with ambulacral pore-pair« 
biseriaL Interambulacral plates in two or more vertical series in each 



Fit;. XVli. 
Cidaris (SteitoddarU) ivbveHculuaat d'Orbigiiy ; fh»ii tho Chalk. 

area. Peristomial plates as in Cidaridae. This family includes the 
interesting genus Tetracidarisy Cotteau, which has four rows of plates in 
each interambulacrum. This Palieecliinoid character is associated with 
a type of ambulacrum which, for the Cidaridae, is remarkably specialised. 
A second genus is Diplocidaria, Desor. 

Order 4. Melonitoida. 

Echinoidea R^ularia Endobranchiata, in which the peristome is cen- 
tral on the lower surface, and the periproct central on the upper surf&oe, 
surrounded by the apical system of plates. The ambulacra each consist of 
two or more rows of simple plates, of which some or all may be demi- 
plates, or klasma-plates. The interambulacral plates are covered by 
granules bearing shorty simple spines ; but occasional tubercles may occur. 

^ It should be rsmembersd that ths respiratory Amotion of these orgtns is still 
hypotMioaL 
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There are more than two vertical aeries in each interambulacrum. There 
Ib a ma8tica,tory apparatus, but no external gills. The order is therefore 
endocyclic, gnathostomate, anectobranchiate, with simple ambulaeral 
plates, and having granulate interambulacrals. 

This order represents an oflfshoot from the main Cidarid stem. It 
began in the Silurian, attained its maximum in the Carboniferous, and 
became extinct in the Permian. There are three families in the order, 
and these form an evolutionary series. All differ from the Cidaroida, 
by having granular instead of unituberculate plates^ which, by itself 
however, is not a character of ordinal importance. The main feature 
is the great increase in the importance of the ambulaeral areas, reminding 
us of BoUiriocularis. Tliis chaj^acter is well developed in the two more 
specialised families, but in the Palasechinidae it is only just appearing. 
Thus the family named is closely allied to the members of the Cidaroida, 
and is separated from that order only as it marks the beginning of a 
very remarkable type of Echinoid structure. 

Familt 1. Palabchinioae. Melonitoida, in which the ambulacrsl 
plates are essentially biserial (or in one case triserial). Most of the 
plates are primaries, and the remainder long, narrow, demi-plates. The 
plates of the test are rigidly attached. One row of interambulacral 
plates passes on to the peristomial membrane. Qenera — PalaeMnus, 
M^Coy (pars), and Rhokhinusy Keeping; and perhaps also PerischoddariSf 
Neumayr (syn. HomotoeckiMj Sollas). The family is separated from the 
Melonitidae, owing to the great difference in the characters of the 
ambulacra; but it is regarded as the ancestral group from which that 
family was derived. KhotchiniLs is the simplest genus, and includes those 
with the pore-pairs in a single series. PaloBeekinui, whidi ranges from 
the Silurian to the Carboniferoiu, includes those in which the pore-pairs 
are biserial, and demi-plates occur (Fig. XVI. 1). 

Familt 2. Mblonitidab. Melonitoida, in which the ambulaeral 
plates are all small, simple klasma-plates, which are multiserial in arrange- 
ment. These form broad areas. The test is rigid. One row of inter- 
ambulacral plates passes on to the peristomial membrane. This family 
represents a marked advance on the previous one. The tendency 
towards the crowding of the ambulaeral plates and the reduction of many 
of them into klasma-plates has made great progress. Qenera — Oltgcpoms^ 
Meek & Worthen, Carboniferous ; the plates agree in general character 
with those of PaUeechinutf but the ambulaeral plates are quadriseiial 
instead of biserial. MeUmiteiy Norwood & Owen, Carboniferous; the 
process has gone further, and each ambulacrum consists of from six 
to sixteen vertical series. 

Family 3/ Lefidesthidab. Melonitoida, in which the ambulaeral 
plates are small klasma- plates, multiserial in arrangement The plates 
of the test imbricate. None of the interambulacral plates pass on to the 
peristomial membrane. This family is the extreme type of the Meloni- 
toida, and represents a condition in which the plate arrangement becomes 
most irregular. It includes the species with the greatest number of plates 
in the ambulacra. The plates being thin and smi^ the test is necessarily 
fragile, a danger to the animal obviated by the imbrication of the platen 
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Af is the rale among all thin-plated, flexible Echinoids, there is a marked 
tnd^ney to ixregnlaritj, eapeeiallj shown in Pholidocidaris, Qenera — 
P koUdo e id am and Lepiduihsi, both of Meek & Worthen, from the Lower 
Otrbonifoons. 

Ov>BR 5. Plesioeidaroidai Duncan. 

Bch i n oi dea Regularia Endobranchiata with a small rigid test, 
paiutonie and periproct central and opposite. Periproct in the centre 
of an apical system of large plates, which forms half of the whole 
teet Tkt ambolacral areas are short and biserial. Their plates are 
all simple primaries. The interambulacra have each a single peristomial 
plate. 

Family 1. Tiariohimidae. Plesiocidaroida with desmactinic ambu- 
laera (i^ ambulacra continuous from peristome to apical system). Each 
intanunbalaeram consists of four plates, viz. a single peristomial plate 
and three tall, vertical plates in a horizontal row. Genus — TiarechiiMU, 




1 2 3 

Fio. XVII I. 

TimrteMmu priiMfpf, Ntuiuayr ; Trias, Tyrol. 1, from tbe Mid* ; 2, fh>m below ; 
8, the epleel syitem (magnifledX 

Neumayr ; Trias, Tyrol. The figures (Fig. XVIII.) show its enormous 
apical disc, small ambulacra, and vertical interambulacral plates. 

Family 2. Ltbichinidax. Plesiocidaroida with ambulacra limited to 
grooves on lower surface of the test Each interambulacrum begins with 
a single peristomial plate succeeded by a row of two plates, and thia by 
one or more containing three plates. Qenus — Lyteehinui, Oreg. (84) ; 
Trias, Tyrol 

This small order includes the two most aberrant of all known 
Echinoids. In Tiarechiniu there are three vertical plates in each inter- 
ambulacrum, while the calyx is much larger and more crinoidal in 
aspect than in any other Echinoid. It has hence been regarded as an 
argument in favour of the origin of the Echinoidea from an ancestor in 
which the apical system was of great importance. Both known genera of 
Plesiocidaroida are small forms, and they appear to have lived under 
unfavourable conditions in Triassic lagoons, for the Echinoids with which 
they are associated are all dwarfed. Hence it seems more natural to 
dismiss Tiarechinus and Lyiechinus as two aberrant genera, in which the 
test was strengthened by the development of the apical plates. Thus they 
have no bearing on the character of the ancestral Echinoid. 

ao 
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Sub-Class 2. Keoularia Ectobranchiata. 

Ecliinoidea with mouth and anus at opposite poles. EndocydiCy with 
external gills. 

Order 1. Diademoida, Duncan. 

Echinoidea Regularia Ectobranchiata in which the mouth and anus 
are both central and opposite. The anus opens in the centre of the apical 
system (which may however be rudimentary). The external branchiae 
pass out through the buccal clefts. A dental apparatus is present 
There are no interarabulacral plates on the peristomial membrane. The 
ambulacral plates are generally compound. 

This order marks a great advance on any of those previously 
defined. The ambulacral plates in some forms remain as simple 
primaries, but in the majority they unite into compound plates, different 
from anything met with iu the preceding groups. At the same time 
external gills appear, with or without internal gills, and none of the 
intcrambulacral plates occur on the peristomial membrane. The order is 
accepted practically as defined by Duncan,^ but his method of division is 
not followed. 

Sub-Ordkb 1. Caltcina. 

Diademoida in which the apical system is very large an<l includes 
one or more supplementary suranal platea 

As we have seen la the description of Tuirechinus and Ly9tfhimu$^ 

these small forms gained strength by the development of a series of 

large apical plates. In one group of the Diademoida the same reeolt 

is obtained by the incoi'poration of one or more '* suranal plates" 

in the apical system Like Tiarechinui^ 

the Echinoids in which this feature first 

appeared are very small The character has 

persisted from the Trias to the present time, 

but the Echinoids in which it occurs are never 

, hirge. 

Family 1. Saleniidae. Calycina in 
which th: ambulacral plates are simple 
primaries, and there is one large suranal 
plate in the apical system. Qenera — iiaUfUay 
Gray ; HeteroioUnia, Cott ; PeltadeSy L. Ag. 
Pio. XIX. (Fig. XVI. 5 ; Fig. XIX.) ; Goniopharui, L. Ag. ; 

Salenia ^^^^^ Ab^tlnal Baueria, Ebert 

Family 2. Acrosalsniidab. Calycina in 
which there are one or more suranal plates in the apical system; the 
ambulacral plates are simple primaries near the apical system, but com- 
pound, with demi-plates near the peristome. Genus — AcroioUniaf L. Ag. 

^ The perignathic girdle is not always continaous a» stated in his diagnods. — 
Duncan (24), p. 24. 
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Sub-Order 2. Arbacina. 

Diademoida in which the ambulacral plates are simple primaries 
near the apical area ; at the ambitus they are compound. Some or 
all of the compound plates consist of a large central primary, on either 
side of which is a small demi-plate. (These plates are on the ^ arbacioid ^ 
type of Duncan.) 

The Echinoids of this sub-order contain forms characterised by remark- 
able simplicity of structure. The interambulacral plates are large and 
generally of the Cidarid type. The peristome is large. The ambulacra 
ore narrow except on the ambitus and near the peristome, where they 
often expand somewhat suddenly. The apical system is large and simple. 
Thei-e ai-e two families, one of which is typically Jurassic, and the 
other typically Cainozoic. This difference in age has probably delayed 
the recognition of the resemblances between the two families. There 
are, however, several Cretaceous genera which link the Jurassic and the 
Ciuuo/oic forms, and thus support the idea that the Arbaciidac are the 
descendants uf the Hemicidaridac. 

Fahily 1. Uemicidaridae. Arbacina in which the ambulacral 
plates are min'ow, and consist of simple primary plates for some 
distance from the apex. The compound plates are few in number, 
and irregulai* in arrangement ; the arbacioid 
ty|)e of plate is not extensively developed, 
many of the compound plates being dia- 
demoid, though with the sutures approach- 
ing the arbacioid character (Fig. XX.). This 
family is not well marked off from the 
Arbaciidae. It represents the characters of 
that family imperfectly developed. Qenera 
—Hemicidaru, L. Ag. (Fig. XVI. 4 ; Fig. 
XX.), is the most important ; AcrotidarUf *'**'• ^^* 

L Ag.; Gonioi^,i^ L. Ay.; Circapdlis, pi.j;:''., SSr£. tSJ'rtSSl 
Pumel ; Cidaraottut. Cott ; Glypticiis, L. Ae. ; ''^e'"- *. J«»«j*»ic. showing the 
r^A ^'j ^' A i li. J -^1 u arbacioid Htructure of tho ijlatci. 

LepioctdartSy Quenstedt, and several sub- (AOer Duncan.) 

genera. 

Family 2. Arbaciidab. Arbacina with small, generally sub-conical 
tests. They are ornamented by numerous granules ; a bare space occurs 
in the middle of the upper part of each interambulacrum. The am- 
bulacral plates are mainly on the arbacioid type, but there are some 
primaries near the apical system, and a few diademoid plates between 
the primaries and the arbacioid plates. Ocular pores double. This 
family includes four primitive genera ; of these two are only known 
living, one occurs in the North American Cainozoic, and the fourth 
ranges from the Eocene to the present day. The main distinctions 
from the Hemicidaridae are that in the ambulacra there are fewer 
primaries and more compound plates, and that the union of the inter- 
ambidacral plates is strengthened by the development of a series of 
knobs and sockets. These occur on the facets of the plates, the knobs 
of one plate fitting into the sockets of the next (Fig. XXI. 2). 
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Qenera — Arhada^ Qin.Y \ Eehtnocidaru, Dune nof^ DMmoolins ; Codo- 
pUurus, Ag. ; Podocidaris, A. Ag. 

Sub-Order 3. Diademina. 

Diademoida including a series of Echinids in which the compound 
ambulacral plates gradually increase in complexity. In the simplest 
forms all the plates are simple primaries ; in others, some of the plates 





1 Via. XXf. 2 

Arbada nigra. 1, aiubulacral pUte ; 2, iiiterunbulacrml plate •liowiiig articuUr 
pits (p) ami kiiobfl (A). 

are compound, each being formed of three priuiaries (the diadenioid 
type) ; in others, again, some of the plates consist of three or more prim- 
aries and one or more demi-plates, which occur between the aboral and 
middle primaries. 

This is the largest of the sub -orders of regular Echinoidea and 
includes important families. It represents an evolutionary series from 
the primitive Eodiadema to the complex Cyphosomatidae or the 
abnormal Echinothuridae. The simplest members of the sub-order can- 
not be distinguished from the Saleniidae by ambulacral structure alone, 

but they are clearly separated by 
the absence in this group of any 
suranal plate. 

Family 1. Orthopsidas. 
Diademina with the ambulacral 
plates all simple primaries, and 
the pore-pairs in a simple series. 
This interesting family includes 
a series of simple Echinoids, 
1, from which form the beginning of the 
sub -order Diademina. It in- 
cludes seven genera ranging from 
the Middle Lias to the present day, viz. Eodiad&ma^ Dune. ; Arduuo- 
diademoy Qreg. ; Orthopiii^ Cott ; Qymnodiadema, Lor. ; Peronia, Dune. ; 
EMnopnSf L. Ag. ; Atpidodiadema, A. Ag. Tlie only living genus is 
Aipidodiademaf a deep-sea form dredged by the ChaUenger, It has 
bean made the type of a special family by Duncan, but it seems to 



1 Fio. xxif. 2 

Aipidodiadema tonntm (after A. Agaasis). _ , 

the side ; 2, fh>m above vhowiDg the apical syateiii 
composed of a single ring of ten plates. 
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be a survival of the Orthopsidae. The apical plates form a single 
circle, within which are five lai^ anal plates around the anus (Fig. 
XXII.). 

Family 2. Diadxmatibab. Diademina in which the anibulacral 
plates at the ambitus are compound, and consist of three (Fig. XXIII.) 
or more (Fig. XXIV.) primaries fused together with an occasional demi- 





Km. xxiu. 

(.'oiiipouiKl unbuU- 
oral plates of Pwvdo- 
diadima hewUgkatriea ; 
UiA simple dhdemoid 
type of tiirce primarfes. 



Ki«. XXIV. 

C(iui])onnd anibulacral 
plate of PBeudodiMtma 
MMttpkoerioo. containing a 
demi'plate {d). 




Fig. XXV. 

Compound anibulacral platen 
of Placoiittdtma MkKdiAi (after 
Duncan) ; one fonnod of fbnr an«l 
Iho other of five coiiiponentM. 



plate ((2). This family includes fourteen genera ranging from the Lias 
to recent times, viz. Dtademoy Qray ; Pgeudodiadema, Desor (Figs. XXII 1., 
XXIV.) ; MierodiademOj Cott ; Diademoptis, Desor ; HemipedtHOj Wright ; 
Rchinodiadema^ Cott ; PleurodiademOt Lor. ; Placodiadema^ Dune. (Fi},'. 
XXV.) ; HtUrodiademA^ Cott. ; Codiopsis, L. Ag. ; Magnona^ Mich. ; 
CoUaldia, Des. ; Ctntrotiephanus^ Peters ; Helikodiademay Qregory. 

Family 3. Diplopodxidae. Diademina in which the nmbulacml 





Pf«. XXVI. 



Ambnlaeral 
nr/vfp9fa (after 



of DijUapodia 



nrrrtpvm (after Dmean). ahowlng tlie 
hiiMm] arraaganint of tae pore-pal 111. 



Fio. xxvn. 

Compound ambulacral plates 
of Ptthna SmUhi; one plate 
conaiatA of three prlnnloB, 
and one of a central nrfaiHy 
and two deinl>platee (</); tbe 
iwre-paim occur in oollqne 
iteriON, with three paira in each. 



plates are compound ; the pore-pairs are biserial either throughout the 
area, or at least near the peristome (Fig. XXVL). Genera — Diplopodwj 
M'CV>y ; Phymediintu, Dm. ; AtUropMy Cott. ; Diplotagma^ Schltiter ; 
PlidophxjvMy Peron k Gauthier ; (?) AcafiJ^hechinus^ Duncan k Sladen ; 
MiercpygOj A. Ag. 

Family 4. Pedinidas. Diademina in which the ambulacral platc'j) 
axe compound and the pore-pairs are triserial (Fig. XXVIL). Qenera — 
P$dina^ Ag. ; Pjefutopedtna, Cott ; Heteroeidaris, Cott ; St<mifch%n%tf Des. ; 
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Pdyeyph^uti Ag. ; Pedinothuria, Greg. ; Micr&pedwkOy Oott ; CodeckinuB^ 
Dee. ; Eehinopedhia, Cott ; EMnofhriXf Pet ; AHroyygay Onr. 

Family 5. Ctphosohatidae. Diadeniina in which the ambulacnl 
plates are compound ; thej are high with from three to seven pore-pairs 
in on arc ; the adoral and mipra-adoral, and eometimes also the aboral 
plates are primaries. The remaining constituents 
are demi-plates (Fig. XXVIII.). Genera — Actino- 
phymttj Cott & Gauth. ; Oypliotoma, Ag. ; Leioioma, 
Cott & Triger ; Gauthienay Lamb. ; ITiyltchinus^ 
Pomel ; Copto$oma, Dee. ; Microptity Cott ; Orthe^ 
Pw. XXVIII chiniu, Gauthier (syn. Gagaria, Dune.) ; Triplaeidia^ 

Ambulacnl pUte of ^1^^^- 
CtfphMmut, coinpoMd of In the normal compound anibulacrol plates of 

SJSf.p?ItS?'^'' ■""* ^""^ tbe Diadematidne each plate consists of three prim- 
aries ; but, as in the case of Fig. XX IV., an extra 
denii-plate sometimes appears below the uppermost primary. Tliis is the 
link between the tyjncal Diadematidoe and Cyphosomatidae. Demi-plates 
ap]>ear in Diadematids in the Middle Oolites ; the Cyphosomatidae begin 
in the Up|)cr Oolites and attain their maximum in the Cretaceous. The 
last members of the family lived in the Eocene. 

Family 6. Echinothuridae. Diadeniina in which the test is more 
or less flexible ; the plates are thin and usually separated by membrune. 
Apical system rudimentary (Fig. X.) ; ambulacral plates triserial, arranged 
typically in triplets of n central primary between two klasma-plates. In 
«>ne genus three triplets unite together to form a single plate. This 
interesting family was founded by Wyville Tliomson to include the 
Chalk fosisil Echinothnriay S. P. Woodw., and some living Kchinoids 
dredged by the Porcupive Expedition. As the tests are flexible and 
the plates overlap, the family was at firat comjinred with the Palaeozoic 
Rcliinoids. P. and F. Sarasin argued from the rudimentary nature of the 
apical disc, and from the great size of the " Stewart's organs " and the 
presence of i^werful radial muscles (the two lattci characters being very 
noticeable in a new species of AsUienosoma described by those authors) that 
the Echinothuridae were a primitive family of Ecliinoids, and helped to 
establish the origin of this class from a Holothuroid ancestor. Neviani 
accepted this conclusion. But) as has recently been shown (Gregor}% 
35), tue family is an offshoot from the Pedinidae ; the genus Pedino- 
thuria helps to bridge the gap between Pedina and the oldest known 
Echinothurid — Pdanechinut. 

Sub-Family 1. Pelamechininae. Echinothurids of which the am- 
bulacral plates are compound ; those near the apex consist of two demi- 
plates and a laiige middle primary. Those at the ambitus consist of 
thi'ee sets of three plates united into a single polyporoos plate ; each 
triplet of this compound plate consists of a primary between two demi- 
plates or klasma- plates. Genus — Pelatuehtnui^ Keeping; Corallian, 
Wiltshire. An admirable account of the genus has been given by Groom 
(37). Sub-Family 2. Eohinothurinax. Echinothuridae in which the 
ambulacral plates are simple and free ; they consist of triplets, each com- 
ixwed of a large central primary, and with an isolated klauna-plate above 
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and below it Genera — ^c^ttiofAurta, S. P. Woodw. ; from the Chalk ; 
iltftAmofOfiMii Qrube (Fig. XXIX.), a living genus with large " Stewart's 
organs " and powenul radial muscles ; and Phormoaoma, Wyy. Thomson, 
with rudimentary Stewart's organs and without powerful radial muscles. 
In the Echinothurinoe the reduction in the calcification of the test, 
which had begun in Pelanechtnus, has been carried so far, that all the 
ambulacral plates are disunited, but are held together by strong muscular 
lining. In Asthenosoma there is, in addition, a series of powerful radial 
muscles (Fig. XXX.), which give a panting motion to the test The 



Fio. XXIX. 

Aatkinoioma hystrix. Oral surftce ; tlie t\\» of the Jaws are netii protruding tlu-oiigli 
the periNtoiiiial nienibranp. 

■pines are covered by epithelium, and when handled can inflict a sharp 
sting. 

SuD-OrDBB 4. ECHININA. 

Diademoida in which the ambulacral plates typically consist of an 
aboral and adoral primary, between which are one or more demi-plates. 
The sub-order includes a series of Echinoids, in the simplest of which the 
compound ambulacral plates consist of three primaries, and are separated 
from one another by free primaries. 

In the sub-order Arbacina the plates of the test are often fixed 
together by lockete and knobs (Fig. XXI. 2), while in some genera, such 
as Olypticui^ there is a great development of the subsidiar}' ornament. In 



Digitized by VjOOQIC 



312 



THE ECHINOIDEA 



Fio. XXX. 

liadial nmscle of AUktnotmim, 
(After P. an«l F. Sftraitin.) 



the simplest forins of the Echinina both charactexs are further developML In 

the Chalk genera, OlyphocypKvs and ZeuglopUunu (Fig. XXXL), the ratoret 

are excavated by deep hoUowii while the plate 
are thickened by granolet and ridgee. Fram 
such forms as these there is a gradual transi- 
tion to others with deep pits, which dowel 
into the plates, as in TenmopUunu (Fig. 
XXXIL). The transition from the diademana 
to echinine type of ambulacral plates is 
shown by ZetiglopUurtu and Oriholopkiu, ht 
the former the plates consist of three fused 
primaries, separated by free primaries. The 
middle primary is often very small, and in 
Ortholophus is often reduced to a demi-plate. 
The plates then have the arrangement typical 
of EcKintu, From this oligoporous plate 
the polyporous strongylocentrotoid type is 
produced by the development of one or 
more demi-plates between the aboral and 
adoral primaries. 
This sub-order began in the Cretaceous. 
Fauily 1. Temnoflsuridab. Echinina in which the compound 

lunbiilacral plates are formed of three constituents. In the oldest and 

most primitive forms the three plates are all primaries ; in the later and 

more specialised types the middle plate is crowded into a demi-plato 

(i.€L the plates are on the Eehinoid Qrpe). There is a great devdopment 

of superficial ornamentation, and tiie plates are 

hollowed or undermined by depressions or pits. 

Sub -Family 1. Qlyphooyfhinas. Temnopleuridae 

in which the compound ambulacral plates are com- 

poeed of three primaries ; the plates are united by 

dowelling, but there are no sutural pits. Genera — 

Olyphoeyphus, Haime (syn. Rhabdopleurut, Cott) ; 

ZeuglopUurus, Qreg. ; E<kinocyfhu9^ Cott ; Paradox- 

eehinui, Laube ; Leioqfphui, Cott Sub -Family 2. 

Obtholophinab. Temnopleuridae in which the com- 
pound ambulacral plates are composed of two primaries 

and an intermediate demi-plate. The plates are united 

by dowelling, but there are no sutural pits. Genera 

— Ortholophtu, Dune; Coptophyrruij Peron & Gauth.; 

LepidopUurus, Dune. & Slad. ; (?) 7Hg<mocidarii^ A. 

Ag. ; Dictyopleurus, Dune. & Slad.; ArachntopUurtUy 

Dune. & Slad. {Radiocyphus, Cott). Sub-Family 3. 

Tbmnoplkurinae. Temnopleuridae in which the 

compound ambulacral plates are composed of two 

primaries and an intermediate demi-plate. True 

sutural pits occur, and these often undermine the 

plates (Fig. XXXIL). Qeam^—TemnopUunti, Ag. ; TsmnsdUfiiM, 

Forbes ; Opednimu, Desor ; Pkumckinui, Ag. ; Salmaciif Ag. ; So^no- 




Fio. XXZL 

tH$, Qng.; pliitif of 
upper put of an utba. 
laeram ahowios timpto 
and oompoana idatw 
and groorad antorea. 
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cxypiu^ Doderlein ; Mespilia, Desor ; MicrocypkuSy Ag. ; Amblypncuttei^ 
Ag. ; Ooniopneustes^ Dune ; (1) Holopnetutes, Ag. ; (1) (rrawimec^tniw, Dune 
&Slad. 

Family 2. Triplbchinidab. Echinina in which the ambulacral plates 
consist of two primaries and an intermediate demi-plate. The three pairs 
of pores are arranged in arcs of triplets ; the sutural faces of all plates 
are smooth ; and there are no pits or grooves in their substance ; so that 
in these three respects the Triplechinidae differ from the Temnopleuridae, 
though an approach to this family is shown by Grammechinus. Genera — 
Echinui^ Linn. ; PsammechinuSy Ag. ; Mtcropsina^ Cott j LHopedina, Cott ; 
Tripneuttes, Ag. ( = HtpponoiS) ; Stirechimis, Desor ; GlyptechimtSy Lor. ; 
Hybechintti, Desor ; Toxopneustes, A. Ag. ; Boletia, Desor ; Evechinus^ 
Verrill ; PedinopsiSf Cott 



Fio. XXXII. 
TtrntugUunu tanumaticus (after AguaixX nhowing the pitted teet 

Family 3. Strokqylocentrotidae. Echinina with more than three 
coDBtitnents in each ambulacral plate, the pores being in high curved 
arcs. Qenera — Strongylocentrottis^ Brandt ; Sphaerechinus, Desor ; Echino- 
itnphiUif A, Ag. ; EurypneudeSj Duncan & Sladen ; Pseudoholetiaj Trosch. ; 
Aeolopmuitesy Dune. & Slad. 

Family 4. Echinombtridae. Echinina with three or more con- 
■titnents in each ambulacral plate. The test is elongate, and the long 
axis does not coincide with the antero-posterior axis. Genera — Echino- 
fMtrOf Gray; Stomopneuste$^ Ag.; Heterocentrotus and ColohocentroUu^ 
Brandt ; ParasaUnia, A. Ag. The elliptical shape of the test is the most 
remarkable character in this family. The perignathic girdle is very 
powerful, each arch being surmounted by a cap (Fig. XIII. 4). The 
spines are large and very varied in form. In Heterocentrotui the 
eecondaiy spines form a fur below the primary spines (Fig. XXXIII.) ; 
in OokbocmUrotut the spines are stout and end in flat surfaces; they 
are to crowded together as to form a natural armour-plate (Fig. 
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Fia. XXXII 1. 
Heteroecntrotus mammilhtiu (after AgamisX showing reUtlon of pi-iiiiary and flacoiMUry ipluet. 



Fio. XXXIV. 
Cahboetnlroiut atmtuf, Hliowing the tessellmte arrmngenient of the splnea. 

XXXIV.)* The spines of the Triassic genus, AnatUoeidarii, Zitt., had 
a similaT arrangement. 
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Sub-Class 3. Irrboularia, Desor. 

Echinoidea in which the anuB lies outside the apical system of plates 
in the posterior interradius. 

Order 1. 0]iAt]UNitoiiiAta» Zittel. 

Echinoidea Irregolaria with a central peristome surrounded by a 
perignathic girdle; jaws present, but sometimes rudimentary. Ambu- 
lacra all similar. 

Tliis is the first of the two orders of Irregular Echinoidea, and 
differs from Uie other order — the Spaiangoida — ^by the presence of a 
perignathic girdle and jaws. As in the Regular Echinoids, there is a 
marked tendency for the anus to pa&9 backward out of the apical 
plates. In Pygaster the peristome is much like that of StMnechintUy 
and the ombulacral plates ore sometimes compound ; the jaws arc fragile, 
but otherwise normal. Tlie only 
character that excludes the genus 
from the Diademoida is that 
the anus opens outside the aj^ical 
plates (Fig. XXXV. 1). PygatUr is 
thus the nearest form we know 
to the ancestor of all the Clype- 
ostroid and Spatangoid sea-urchins. 

The order Qnathostomata in- 
cludes three main series. The first 
was typically Mesozoic, and was 
characterised by the reduction in 
the functional importance of the 
jaws, and the formation of the 
perignathic girdle into a high tubu- 
lar peristome. From this series ^^' ^^^^• 
orancnes aivergea in oppoeuc ^^^^^ pj^j^ . j„y^,c. f^ RekinncoryB mmtutnt, 
directions. In one the jaws dis- LeMke; Clmlk. S^GolerUnnHKigoUrvttlJttktx 

appeared and the perignathic giidle SillH; *• *"'"'« "^"'"^ »"•' °"-'~»«- 
became rudimentary ; while the 

ambulacral plates remained as in Pygaster, This branch culminated in 
the aberrant group of the Galeriti<lae. Later on a second branch was 
given off ; in this the jaws became of greater power ; the ambulacra 
became complex, parts of them expanding into petals, the podia of which 
act as branchiae. The Qnathostomata may accordingly be divided into 
two sub-orders. 

Sub-Order 1. HoLEorrpmA. 

Qnathostomata in which the jaws are reduced in siie and strength. 
In the most primitive members the jaws are arranged as in the 
Diademoida ; but in later forms they are inside a tubular perignathic 
girdle. The jaws do not woric on sockets. 
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This Bub-order is difficult to characterise, as it includes the primitive 
Irregular Echinoids, as well as one series of these forms which has 
continued to the present day. 

Fauilt 1. Ptqastebidab. Holectjpina in which the peristome is 
large, and the perignathic girdle consists of disconnected processes. 
The ambulacra are simple and apetaloid. Qenera — Pygasttr^ Ag. 
(Fig. XXXV. 1) ; PiUtis, Desor ; Pygoitrida, Lovin ; HoUetypm, Desor ; 
(?) Pachyclypeu9^ Desor; Oaieropygtu, Cott. Family 2. Discoidiidae. 
Holectypina in which the i)cri8tonie is small and the perignathic girdle 
tubular. Jaws unknown. Ambulacra apetaloid. Genera — Diicoidtaj 
Gray ; Protocyamui,^ nom. nov. Family 3. Galkritidae. Holectypina 
in which the perignathic girdle is rudimentary, jaws are absent, and 
their place taken by ten buccal plates. Genera — Galerites, Lamk. 
(Fig. XXXV. 3) ; Lanieria, Dune. ; Adelopneiutes, Gauth. ; (?) Copto- 
tlisctui, Cott & Gauth. Family 4. Conoclypeidae. Holectypina in 
which the peristome is small ; the i)crigiiathic girdle tubular and high, 
surrounded by five bourrelete. Genera — ConodypeuSy Ag. ; Ovidypim^ 
Dames. 

Sub-Order 2. Clypbastrina. 

(rnathoetomabi iu which the jaws are powerful. The teeth are 
placed in pyramids^ which articulate by a socket fitting on to vertical 
processes ; the jaws only move horizontally, and have neither braces nor 
compasses (p. 289). The ambulacra are jietaloid. 

This sub -order includes a series of striking variations from the 
ordinary Echinoid type. Echhiocyamvs is the most primitive form, and 
appears to have developed from an ancestor closely allied to Protocyamui, 
The great advance in Echinocyamut is the expansion of parts of the 
ambulacra into rudimentary petals (Fig. XXXVI.) ; in the upper pait 
of the ambulacra the outer pores of the pore-pairs have increased to small 
slits, and occur along curved lines, enclosing somewhat leaf-shaped areas. 
Beyond these only a single pore occurs in each ambulacral plate. The 
perignathic girdle of EMnocyamui consists of five vertical peg*, rising 
from the interradial i^eristomial plates ; this reminds us of OoMtu^ in 
which the perignathic girdle is reduced to five interradial thiokaniiigs. 
The structural differences between ProUKyamut and MdUnocyofmm are 
small, and their importance is exaggerated by the diflferent shape of the tMta. 
But EckinocyamxiH was succeeded by a very divergent series. Most of the 
members of the group are long, broad, and low ; some are thin and flat 
In these cases tlie upper surface regains the support it loses owing to 
departure from the dome-sliaped form, by the development of pillars which 
pass from floor to roof. The ambulacra in the typical forms are i)etaloid, 
and the podia in these areas expand to act as branchiae (Fig. XXXVI.). In 
some cases pores only occur in the petals ; in others tliey are scattered over 
the test, occurring on both radial and interradial plates. In some genera, 
such as Laganwniy though the petaloid portions of the ambulacra are broad, 

^ A name suggested in lieu of Echinitea proposed by Duncan, but preoccupusd by 
Leake for Echinoids, and by Miiller and TroBchel for Asteroidea ; the nuiue is xeleoted 
to indicate the affinity of this echinoid with the Et'hinoeyamns iteries. 
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they are narrower than the ambnlacral plates in the extra-petaloid portions 
which expand laterally, and are much broader than the interambulacra. 
In the simplest members of this group the interambulacra are, however, 
"continuous" from apical system to peristome (as in LaqanwiC) ; but in 
the more advanced, such as B/oiviOy the interambulacra are *' discontinuous," 
the ambulacra meeting one another and cutting off the interambulacral 
peristomial plate from its connection with the rest of the interambulacrum. 
Another feature peculiar to this sub-order is the presence of a series of 
furrows on the lower surface of the test ; these are known as the actinal 
furrows, and they are either straight, as in the Clypeastridae, or bifurcating, 
as in the Scutellidae. 

Family 1. Fibulariidab. Clypeastrina with ambulacra in rudi- 
mentary open petals. The interambulacral plates are continuous. The 
pillars are slightly developed. The perignathic girdle consists of five 



<^!^ 



II 



1 2 

Fio. XXXVII. 
Kehi nocyamv* punHlH*. 1,\i\t\mr 
Pin Y Y Y V r tturfAce ahowiiiK Hiiiiiile iietals and 

MO. AAA> 1. ^^^^. ^^^,^^ j^^ . .^^ t^,^^ j^^^^ 

BruiobUl podU fhnii peU* Rurfiuw hIiowIiik the anus inter- 

loid portion or auibalacruui of roedlnte between tlie central 

ajfpeoittr. mouth and the poaterior border. 

single interradial processes. The peristomial interradial plate is large. 
Qenera — EMnoeyam^iSy Phelsum (Fig. XXXVII.) ; SerUeUintif Ag. ; Su- 
mondia, Desor ; Fibularia, Lam. ; Thegoit&r^ Pomel. 

Family 2. Laganidab. Cljrpeastrina with ambulacra petaloid ; 
numerous pores for prehensile podia occur in addition to the large pores 
for the respiratory podia. The interambulacral plates are ''continuous" ; 
the peristomial plate is medium in size and bears a single perignathic 
process. The actinal fiirrows are simple and straight Qenus — Laganumy 
Blainv. 

Family 3. Scutkllidab. Flat Clypeastrina with closed petaloid 
ambulacra. The interambulacral plates are ^ discontinuous " in some or 
all of the areas ; the peristomial plate is large and bears a single peri- 
gnathic process. The actinal furrows are bifurcating. Genera — SetUella^ 
Lam. (Fig. XXXV. 4) ; Eehinarathniut, Leske ; EchinodiicuSy Ag. ; Eucope, 
Ag. ; Monophora, Ag. ; MeUita, Ag. ; MeUteUa^ Dune ; Attrtdypeuty Vemll ; 
LenUa, Desor ; MorUmia^ Desor ; Botula, Ag. (Fig. IX) ; RaltUoidea, 
Etheridge ; MouUmia, Ag. ; (1) Ruiia^ Ag. The most striking feature in 
this fiunily is the extreme thinness and flatness of the tests. In some 
species, such as Scutella ttnatula, the test may be 100 mm. in diameter, 
and only 10 mm. in height. The upper surface accordingly needs greater 



Digitized by VjOOQIC 



3i8* THE ECHINOIDEA 



support than it could obtain from the umrgiu of the teat ; thia ia given by 
numerous pillars which connect the upper and lower walls. The external 
margin is often notched, as in ^x^Ua ; the notches may deepen into 
" slits " separated by finger-shaped [>rocc8ses, as in Botida (Fig. IX.). In 
some genera two adjacent processes unite at their free ends, and a hde 
is left through the test ; such holes are known as *' lunules," and occur in 
Mellita, Monopkora^ etc All the interambulactal areas are discontinuous 
in some genera, •.g. Encope^ but in Boiula and Mellita one or two of the 
areas may lie continuous from jieiistome to apex. 

Fa^iilt 4. Clypeahtridae. ClypeastriDa with closed petaloid 
aiubuhicro. The iuterambulacml plates ai*e discontinuous; the peri- 
stomial plate is small There ore two perignathic processes iu eacli 
ai*oa, and they are ambulaci'al in position. The actinal furrows an* 
straight Sid- Family 1. Clypbabtbinae. Massive Clypeastridac witli 
closed petals; usually high. GK^nera — Clypeader, Lam.; EMnanthuM, 
Leske ( « DiplotheainthuM, Dune) ; riesiantluuij Duuc. ; AnwiuiUtnthm^ 
Bell; MofiOiftyrhiay Laubc. Suu- Family 2. Auachnoidinae. Flat, low 
Clypeostridoe with open petaU. Genera — Arnehioides, Ag.; Alexiitubrit^ 
Pfetfer. These genera are usually included as a sub- family of 
Scutellidae, which they resemble in external form. Tlieir structure, 
however, allies them more nearly with the Clypeasters, with which they 
agree iu all fundamental chai'octers. They dilfer from the Scutellidae 
by having (1) a very small pcristomial iutcrambulacral plate, which in 
some species may be absent in several areas ; (2) straight, siuiple, actinal 
furrows ; (3) five pail's of ambulocral perignathic pi-ocesses. 



Ohdbr 2. Atelostomato, Zittel. 

Kuhinoidea Iri^egularia, in which there are no jaws, teeth, perignathic 
girdle, or external branchiae. 

The Atclostomata inti'oduce three additional structures, upon which 
the classification within the oi-der depends. These ai« the stenium, 
floscelle, and fasciole. In Echinoids previously considered the mouth is 
central or sub-central, and the live areas around it are of ec^ual import- 
ance; but as the mouth becomes eccentric in position, one interradius 
necessarily becomes longer than the rest The anus is situated in this 
interradius, which requires some modification of the plates for the sake of 
increased strength. In the simplest of the Atelostomata tlie plates of the 
posterior interradius are but slightly different from those of the other areas 
but the plates are larger, and dovetail more deeply into one another. 
In CoUyriUt there ia a slight advance on this plan, and in genera such as 
Echinoearyi and HclaMer the plates dovetail so deeply as to form a strong 
sternum along the under side of the test This type is known as the 
" meridostemoua " (Fig. XXXVIIL 1). In the next stage the first pair of 
plates in the interambulacrum increase in length, and both are in contact 
with the peristomial plate of the same area, as in TowuitT (Fig. XXXVIIL 2)l 
This is the *'amphistemous " type, the extreme form of which we see in 
SffUangnM pwrpwrwi (Fig. XXXVIIL 4). 
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We have seen that the upper parts of the ambukcra of Clypemter^ etc., 
are modified into petals. In one section of the Atelostomata there is an 
analogous expansion of the ambulacra round the peristome into *' fio»cellet»." 

VI 

m 




Fig. XXXVni 



typen of 8paUn((oi<l bterna. 1, incrkluttteriiouii ; 8, 4, amuhlKlernoiiit ; _*, iuteniiedialf 
wcurii* teutatut ; % Toxiuter rioontfitnHs; 3, CusnUinlui paeifieu* : 4^ SpitUofyttt purpurttt:> 
itli ; A. aiiUM. 



The ,^, — 

1, Kchinocurii* 

ll^ iiiodtk ; a, auuN. 



The peristomial interaiubulacral plates arc raised into projecting ridges 
known as '* 1x>urrelet8 " ; while the ambulacra are eximnded into leuf-shaped 
areas known as '* phyllodes." The pore-pairs of the phyllodcs are much 
larger than those of the rest of the ambulacrum. The five bourrelets 
and five phyllodes together form the fioscelle, which is typical of the 
Cassidulidae. 

Among the Atelostomata h\T<;e spines like those of Cidaris are never 
found. The spines are very 
numei-ous and generally small, 
forming a fur over the test 
In some cases specially modi- 
fied spines occur crowded 
together along bands (Figs. 
XXXIX.-XLI.), forming '*fas- 
cioles.*' There are five dif- 
ferent varieties : (1) The 
« peripetalous," which encloses „ 

the petaloid portions of the 
ambiUacra ; (2) the '* subanal " 
(«/in Fig. XXXVIII. 4), which 
encloses a space, or ^'plastron," below the anus; (3) the ** marginal," along 
the border of the test ; (4) the ** internal," which crosses the petaloid 
portions of the ambulacra ; and (5) the two ** lateral," which run from 
the peripetalous to below the anus. All fiw^ kinds of fascioles never 
occur together in the same Echinoid. 



Fig. XXXIX. 
Simple flMctole on Agauiiia. 
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The Ateloetomata iaclade two main divisions, which develop along 
somewhat parallel lines. 



tin. XL. 
Coinix>uucl faaiclole on ittrt of tent of MocropneusteH. (Afler A^jattfi.) 

SuB-OrDKR 1. ASTKUNATA. 

Atelostomata with the peristome central and never bilabiate ; the 
ambulacra simple, sub-petaloid, or petaloid, and generally all five are 
similar. Floscelle generally pi'esent No sternum. 

Family 1. EchinonIidail Asternata with narrow, apetaloid, similar 
ambulacra, and without floscelle. Qenera — Echinoiteiu^ Van Phelsum ; 
OaUrodyptui^ Cott ; OaUropygus, Cott. ; Hyboclypeus, Ag. ; Ir\frael}fpeus, 




on ^v j^ .vj \ I r-\ ^A" nk 



SM. ■" 



Fio. XLL 



DiAgrani of a SpaUngoid Bchinofd, showing tmiDgeiiient of the llMcioles. i, interul fkaeiol* ; 
o, peripetaloiu flwciole ; I, lateral flwciole ; m, inarKiiial flwciole ; «.a, aubanal fesolole ; a. a, aans. 

Qauth. ; NucUopygui, Ag. ; PUmty Desor ; Pachyclypeui, Desor ; Pyrina^ 
Detmoulina. > 

Familt 2. NucLiouTiDAK. Astemata with sub-petaloid ambulacra 
and no floscelle. Qenera — Amblypygutf Ag. ; Anodianuty Grube ; Aiwr- 
ihopyguiy Cott ; Botriopifgus^ d'Orb. ; CaraUmuij Ag. ; (f) DeionUa^ Cott ; 
Haimea, Michelin ; Ikvriona, Dames ; NueUoliUi, Lam. (syn. Eehdnobfiuui) ; 
OK^opodiOy Done. ; OUgopygui^ Lor. ; Pygaulus, Ag. ; Trematopyg%Uy d'Orb. 



Digitized by VjOOQIC 



THE ECHINOIDEA 321 



Family 3. Cassidulidai. Asternata with closed, petaloid ambulacn 
a doBcelle is present Sub-Faxilt 1. Cltfeina. Genera — C7/ypeu«, Leake ; 
Clypeop^gui and Faujasia, d'Orb. ; Paeudode$orella, itisllon ; PfgurostoTna^ 
Cott & Gauth. ; PygurtUj Ag. Sub-Family 2. Cassidulinae. Genera — 
Auttralanihui, Bittner ; BrtyneUa^ Greg. ; CamdiUtu, Lam. ; Eurhodiia, 
Arcbiac & Haime ; Par<ilam^pa$i Dune & Slad. ; Pygorhynehua^ Ag. ; 
Bhyruhopygus, d'Orb. ; SiigmatopyguSy d'Orb. S^- Family 3. Cato- 
PYGlMAi. Genera — Catopygtu^ Ag. (Fig. XVI. 8) ; Neocatopygut^ Duio. 
& Slad. ; Phyllobrissus, Cott ; PteiidocatopyguSy Cott & Gautb. ; Shi- 
(ieria, Dune Sub-Family 4. Echinolampinae. Genera — ConolampoB^ 
A. Ag. ; Echi-MlampaSf Gray ; Heteroelype^uSj Cott ; MicrolampcUf Cott ; 
OraUndampas, Cott; MiUtiia^ Dune.; Nwlampas, A. Ag. ; OriaJomfMU, 
Munier-Chalmas ; Palaeolaimpas^ Bell ; Phylloclypeusy Lor. ; P^ettolatiifNit, 
Dnnc & Slad. ; Vohgetia^ Cott & Gautb. Sub- Family 5. Eolam- 
PIHAK. Genera — Arehiaeia, Ag. ; Anterostomay Ag. ; ClaviatUr^ d'Orb. ; 
J?o{aYN|MM, Dune & Slad. 

Sub-Order 2. Stbrnata. 

Atelostomata with the peristome eccentric anteriorly (usually bilabiate). 
No floscelle ; anterior ambulacrum different from the rest A sternum it 
present Fascioles sometimes present 

Family 1. Collyritidae. Stemata without floscelle. There is a 
rudimentary meridostemum. The anterior ambulacrum is narrower 
than the others. Apical system disjunct ; the three anterior ambulacra 
grouped together as the '^trivium,'' and the two postero- lateral am- 
bulacra as the "bivium." There are no fascioles. Genera — CoUyrUn^ 
DenuNdins ; DymuUVy Ag. (Fig. XVI. 6) ; Gratia and (?) Metapofhinm^ 
ICiehelin ; Pygorhytu, Pomel. Owing to the disjunct apical system, this 
family has completely lost the radial symmetry, and presents some 
remarkable resemblances to the Pourtaleeiidae. It appears, however, 
probable that while the Collyritidae have descended from some primitive 
astemate form allied to HyboelyptUj the Pourtalesiidte are degenerate 
forms of Prymnodesmian Stemata. 

Family 2. Eohinooorythidae. Meridostemous, labiate Stemata, with 
an elongate apical system, and the ambulacra separated into a bivinm 
and trivium. Fascioles present in some genera. Genera — dUymne^ 
Wyv. Thoma ; CaTdiatUr^ Forbes ; Coradery Cott. ; OystechinWy A. Ag. ; 
Echinocory$y Leske (syn. AnanehyteSy Lam., Fig. XXXV. 2) ; EnaMo- 
pniuttea, Pomel ; EniduuUry Lor. ; ErUomoiter, Gauth. ; Galeoitery Seunes ; 
ChMariOy Gauth. ; Hagenovioy Dune. ; HemipneiuUi, Ag. ; Holadery Ag. 
(sub -gen. Stemotaacisy Lamb.) ; InfuUuUr, Hagenow ; JeroniOy Seunes ; 
Lompadattery Cott ; Qffcutery Deeor ; Ookutery Laube ; Ovukutery Cott ; 
SUgatUfy Pomel ; ^etKyiiiOy Desor ; ThdUuUry Seunes ; UrtchinWy A. Ag. 

Family 3. Spatanqidab. Stemata with anterior ambulacrum re- 
duced ; apical system compact ; sternum either amphistemous or merido- 
stemous. Section 1« Adetinae. Spatangidae without fascioles. Genera — 
ArehawpnewiUiy Greg. ; CZvP^ont^iuf, Cott ; Eckimocrtpisy A. Ag. ; EncMatUr, 
d'Orb. (Fig. XVL 7) ; EfiatitTy d'Orb. ; GmieoptUaguiy A. Ag. ; HemdpaUigu$y 
Deeor; HtUrolampaiy Cott; iMotUr, Desor ; Macradtr, Roam. ; (f) MigaiaiUry 

21 
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Dune ; Falayexkriuu^ A. Ag. ; FcXawpMivaAet^ A. Ag. ; PIcU^Mhim, Qrube ; 
Spatagocystisy A. Ag. ; Toxaster^ Ag. Section 2. Prymmadetinas. Spa- 



Fio. XLII. 

Bri«M!pH« lyHiAra, Forbes, sp., showing po<1iA in action, and peripetaloos Ikadole. 
(After Lov^n). 



Fio. XLIII. 
HmndMUr PhiUppii, with yoang echinoids in the marsupia. (After Wy>ille Thomsoa.) 

tangidae with fasciolea, but no subanal fasciole. Genera — Abatuty Desor ; 
Acute and Aerope, Wyv. Thorns. ; AgcLssiziay Valentin ; BrisioptiSj Ag. 
(Fig. XLII.) ; Coraster, Cott ; DijmeiuteSy Cott ; FaorinOy Qray ; Hemv- 
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atUr^ Dewr (Fig. XLIII.) ; Homoeatier and Hypaospatagtu^ Pomel ; 
Iraniasterf Cott & Qauth. ; Lambertiader, Gauth. ; Linthia, Merian ; 
Moiroy A, Ag. ; MairopriSy A. Ag. ; OmUhagter, Cott. ; PericoimuSy 
Ag. ; P^0fia«e0r, Desor; ScfctaM«6r, Ag. Section 3. Prymnodesminae. 
Spatangidae with subanal faaciole. Genera — ArgopcUaguSy A. Ag. 
BrisBopaiaguij Cott. ; BrnttM, Leske; Breynia, Desor ; C?«wo6riMa«, A. Ag. 
CUuAechinuSy Lor. ; Gydader, Cott ; Echinocardtum, Gray ; ^upoto^rtM, Ag. 
GScMtttierui, Desor; Oibbagter^ Gauth.; Homolampasy A. Ag.; Isopneuites, 
Pomel; //taiopneititej, A. Ag.; LoveniOy Ag. & Desor; Linchaphorut, 
Dames; MacropneusUiy Ag.; Maretia, Meoma^ and MetaHoy Gray; Afi- 
cr«t«r, Ag. ; Nacoipatangus, A. Ag. ; JV«>pn««eM, Dune. ; PaiflKwtropM*, 

in 



IV 



Fio. XLIV. 

Ferintoiuial region otStntanmu jmnmmu Keen from liinide the test (after liOvcn). I-V, the 
live ainbuUcrft in which the vertical 8erieH are each inarlceU a or b. 

Lov^ ; PygotpatanguSy Cott. ; Ehinobrissusj A. Ag. ; Sarsellay Pomel ; 
Spatangomorphoy Bohm ; SpatanguSy Leske (Figs. XLIV., XLV.) ; Stomo- 
poruMy Cott ; Tuberastery Peron & Gauthier. 

Family 4. Palaeostoiiidae. Stemata with a pentagonal, alabiate 
peristome, provided with five buccal plates ; a peripetalous fjEUSciole. 
Genus — PcUaeostomOy Lovdn {Letkioy Gray). 

Family 5. Pourtalesiidab. Sternata with apetalous, flush ambulacra. 
Peristome in a deep anterior recess. Form elongate ; flat or oral surface. 
The ambulacral plates are uniporous (Fig. XLVI.). This family includes 
perhaps the three most perplexing of recent Echinoids ; but owing to the 
extreme fragility of the tests their study is difficult, and owing to their 
great variability the classification is at present unsatisfactory. The typical 
genus PimrtaUiia is the subject of an elaborate memoir by Lov^ (58). It 



Digitized by VjOOQIC 



324 THE ECHINOIDEA 

has a disconnected apical system, the postero-kteral interambolacni meet- 
ing across it. In this and some other respects it resembles CoUyrUst ; but 
it has a sub-anal fasciole, and is probably to be regaided as a degenazale 
Spatangid rather than a direct descendant of the Meeozoic Collyritidae. 



J 10 XLV. 
Tbe Heart UrcUiu {^yoAamjM imriturtM). Abactiiud vide. 

The second genus Spatagocjp/tU agrees with Pourlaluia in the disfuptiaii 
of the apical system, but it has no fasciole. The third genus Edimtir^m 
also has no fasciole, but the apical system is compact. 



Fio. XLVI. 
PotirUiUsia Jeffnysi OVy v. Thomson). 



We are now in a position to discuss briefly, first, the relationa 
of the Echinoidea to the other clabaes of Echinodenna, and 
secondly, the lines of evolution within the class itself. (Compare 
Chapter VICL pp. 17, 33.) 
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Each of the main groups of Echinoderma has been at one time 
regarded as the ancestor or nearest ally of the Echinoids, and the 
question is still highly conjectural. Embryology gives very little 
assistance. Study of the development of a young Echinothurid, 
EchinocyamuSy or Hemiaster (Fig. XLVII.) teaches important lessons 
as to the affinities between those forms and other Echinoids. It 
shows that the young Echinothurid resembles the Diademoida, 
and that the young HemicLster is endocyclic. But the earlier larval 
stages have been so affected 
by secondary variations 
that they give no satis- 
factory information as to 
whether the Echinoids are 
nearest to the Cystids, 
Crinoids, Holothurians, or 
Stelleroids. 

The Crinoids are so 
unlike the Echinoids in ap- 
pearance and structure, 
that we know of no form ^^^- ^f>vii. 

♦l»of onrkAora f^ linlr tliA Larval fonii of//ewia»<^r ortwniowi, ill the ciidocyclic 

inai appears uo imK ine ^^^^ (After Agassir.) 

two classes. ' Neverthe- 
less, the Echinoidea have been regarded as descended from a 
Crinoid-like ancestor. The acquirement of a radial symmetry 
was unquestionably the most important event in the develop- 
ment of the ancestral Echinoderm ; it is easiest to explain this 
as the result of fixation, and therefore the fixed, stalked forms 
have been claimed as the ancestors of the free forms. It is further 
argued that this conclusion is supported by the occurrence on the 
abactinal side of some Echinoids and Stelleroids of a series of plates 
known as the apical system. This system includes a central plate 
surrounded by two circles of plates. The theory has been urged, 
especially by the late P. H. Carpenter and by W. P. Sladen, that 
the plates of this apical system are homologous with those of the 
calyx of the Pelmatozoa, and are to be regarded as relics from a 
period when these plates were of great functional importance. 
Unfortunately for this view, however, the calycinal or apical plates 
are either absent or unimportant in the oldest Echinoids and 
Asteroids ; and it is in later groups, such as the Saleniidae and 
Cidaridae, that the plates are developed on the s«pposed ancestral 
plan. Moreover, instead of Tiarechinus — in which the apical plates 
are most important — ^being ancestral, it is almost certainly an 
aberrant, and somewhat degenerate offshoot. 

The last blow to the idea of the apical plates of Echinoids 
being homologous with the calyx plates of Crinoids, has been 
given by MacBride, who, on embryological grounds, urges that 
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the abactinal poles of Asteroids and Crinoids, on which these plates 
develop, have nothing to do with one another. MacBride recognises 
the influence of fixation on the anatomy of Starfish and Echinoids, 
but maintains that such fixation was by the actinal surface in 
these two classes, whereas in Crinoids it was by the abactinal 
surface. (See, however. Chapter VIII. p. 14.) 

The question as to which of the groups of organs first acquired 
the radial character is of great importance in connection with the 
origin of the Echinoderma. The Sarasins, who made a detailed 
study of the Echinothuridae, were much impressed with the 
importance of the radial muscles, and suggested that it was the 
muscles that first became pentamerous. There are many striking 
points of resemblance between such a form as A^hemwrna and the 
Holothurians. The Sarasins therefore ridiculed the supposed Crinoid 
ancestor as a *' Crinoid phantom," and derived the Echinoidea from 
the Holothurians. This argument is based on the idea that the 
primitive characters of the Echinothuridae are due to inheritance 
from the ancestral Echinoid. But it appears most probable that 
the Echinothuridae arose from the Diademoid Pedina, or from 
some close ally of that genus. The primitive characters of the 
Echinothuridae are therefore secondarily acquired, and are not 
original. The immediate ancestor of the family lived in the 
Jurassic, and not in the Palaeozoic seas. To accept this con- 
clusion means to abandon the derivation of the Echinoids from the 
Holothurians. 

Leuckart, in 1848, separated the Echinoderma into the three 
groups of the Pelmatozoa, Echinozoa, and Scytodermata, and this 
classification is still generally used in practice. In the two latest 
arrangements of the Echinoderma, those of Bell and Haeckel, the 
Echinoids are still grouped with the Stelleroids. They undoubtedly 
agree in several important characters, the members of both dasses 
having the gonads pentamerous, the oral surface kept downward, 
and power of locomotion. 

The class Stelleroidea is older than that of the Echinoidea, but 
we know of no member of the former that can be regarded as the 
ancestor of the latter. 

The evidence in favour of the origin of Echinoids from Gystida 
or allied forms is more weighty. Neumayr advocated this view 
(64, 65), and it has recently received fresh support from Haeckel 
(36 on p. 213). Neumayr included Eckinocyslis in the Cystidea. 
The genus is, however, here included among, the Echinoids. The 
uncertainty as to its position shows that there is an approximation 
between the two classes. We are, therefore, forced to the position 
that one group ^ of primitive Pelmatozoa diverged from the main 
stem and approximated to the Echinoids ; and that it was succeeded 

^ Separated in Chapter XII. as a Claas—Edrioasteroidea. 
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by Echinoids so similar in structure that it is hard to draw a satis- 
factory line of separation. 

Although the ancestral Echinoid is still unknown, the main 
lines of evolution in the class are clearly recognisable. The 
Echinoids began with forms having small, sac-like bodies, and a 
mouth and anus at opposite poles ; the body was muscular, 
supported by a series of angular plates, of which five pairs were 
perforated by pores. At the summit of the' test occurred the, 
apertures of the alimentary, generative, and water - vascular 
systems ; and the apertures of these systems were supported and 
held in place by a series of special plates. 

At first the palaeontological record is incomplete, the plates of 
the test being thin, fragile, and loosely fitted together. Hence 
there is a gap between the Echinoid just described and its next 
known successors, in which the interradial plates are irregular, 
and the apical system of plates is absent. But as the skeleton 
thickens, fossils become more abundant and better preserved. 
We can see the increase in the number of interambulacral 
and of ambulacral plates up to forms such as Melonifes, Then, 
as the plates became stouter, the flexibility of the test was 
lost; thus the advantage of having small, numerous plates was 
lost. Hence the Echinoids with more than twenty rows of plates 
disappeared, and were succeeded by a group, the main feature of 
which was the consolidation of the test. About the same time 
there appeared an offshoot from the main stem, in which the test 
was strengthened by a great development of the apical system ; 
this arrangement reached its highest development in two aberrant 
genera {Tiarechinm and Lysechin'us) which lived in the Triassic 
coral lagoons of the Tyrol. The Melonitoida and Plesiocidaroida 
apparently left no issue, and all existing and post-Triassic Echinoids 
appear to have descended from the primitive genera of Cidaroida. 

From Cidaris, with its ambulacra of simple primary plates, the 
more complex types were developed by the crowding of the pore- 
pairs, and the decrease in size and increase in number of the 
spines; hence the ambulacral plates become compound, and the 
interambulacral plates bore numerous tubercles and granules, and 
thus gave rise to the various groups of Regular Echinoidea. In 
some deep-sea forms the calcification of the external skeleton is 
imperfect; the plates are thin and the muscles strong; by the 
imbrication and isolation of the plates there is a return to some of 
the features of the flexible Palaeozoic Echinoids. 

The main departure from the type of regular Echinoids is 
due to the backward movement of the anus interfering with 
the originally quinqueradiate arrangement of the organs (Fig. 
XLVI.). The mouth passes forward, the jaws disappear, the 
ambulacral podia become specialised for respiration as well as 
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locomotion, the apical system of plates becomes compact, elongate, 
difjunct, or rudimentary, and a bilateral symmetry replaces the 
prunitiye, pentameral symmetry. At first the jaws are retained ; 
but as the body becomes bilateral, the mouth is constricted, and 
room for play of the jaws is lessened. No doubt all Echinoids get 
a proportion of nourishment from the mud and sand which they 
swallow ; but as their jaws become smaller, and they can browse 
less effectively, thtf importance of this food-supply becomes more 
important. The development of a projecting under lip below the 
mouth was an advantage to the Echinoid, by enabling it to swallow 
more food. Hence the Irregular Echinoids began with teeth and a 
central mouth — a type first met with in the lower Jurassic ; later 
on, in the Jurassic, came the second type, in which there are no 
jawa and the mouth is eccentric ; the former is the order Gnatho- 
stomata,and the latter the order Atelostomata. The Gnathostomata 
began in the Jurassic with the genus Pfgader^ which differs from 
the regular ectobranchiate Echinoids only by the anus opening 
behind the apical system ; the Pygastridae were succeeded in the 
Cretaceous by the Discoidiidae, from one genus of which, Pnio- 
Cjfomfiu^ there is an easy passage to the Fibulariidae, and thus to 
ihe snlHirder dypeailriBa^ 

The order Ateloetoinata has ^parently also been derived from 
a genus allied to PfffosUr. The jaws are lost, and the apical 
system either remains compact or becomes elongate : the fonnar 
series possibly began with CMeropiffui^ whence the rest of the 
astemate forms were derived. Tlie series with elongate apical 
systems began with some such |enus at Hpbddfpew, wMch led the 
way to the Collyritidae and Echinocorythidaey whence the higher 
Spatangid Echinoids descended. 
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AbaeoerinHS, 166 
aUactiiuU skeletal elMMntN, 

109 
AbtUMs, 322 
aboral circular siaiw (Opli.y, 

266 
AbraeriHUit, 166 
Abrotoerinwi, 180 
AffoeoerinuM, 166 
Aoantharehattert 261 
Aeanihaiier, 256 
AcaniheehintiSt 809 
AeafUhcorinm^ 201 
AccaUhoeifsiis, 46 
avautboiphenote, 287 
Acantkotroehm, 284 
acoeiaory intestiiMy 27 
~ plates (Aiit), 246 
AcetUrotremilea^ 90, 92 
^osfte,822 
AehlyoHiee, 229 
AcktndoerinHS, 178 
AekradoeytiUf 66 
^6iocAoft<ocrtii«s, 192 
Acroddaris, Z07 
Aoroerimu, 169 
i4eroiiei^«iiMi, 306 
Aerouroy 278 

aotinal farrows (Xeh.), 817 
— skeletal elements, 109 
AeHnoerinuSt 169 
ile<MiocM«iiiiiw, 280 
aetinogonidial, 287 
actino-lAteral spines, 266 
AeHnomHra, 196 
AeHnophyma, 810 
Aetinopoda, 227 
aetinostomial ring (Ast), 

241 
Actinoioa (Lenokart), 88 
adamlnilacral, 20 
-* month, 247 
adamhnlaerals (Grin.), 116 ; 

(Art.),241;(Oph.),270 
Ad^hcrmut, 201 



AdelnjmeuutUt 816 
Ailetiuoe, 821 
ailetopueuKtic, 264 
adradii, 20 
Adnnata, 166 
AeolcpHeMtm, 818 
vt«nyf, 322 
^IssuicKmnj^ 180 
At9wqf9ti*, 208 
Atthooifttvt, 67 
AetiU4, 63 
AganaMer, 276 
Agarieocrinngf 167 
Afassis, A., 240, 286 
Agassis, L., 240, 260, 261, 

284 
AffOiBtma, 322 
Affosiiitoeriwut, 181 
Agelacrinoidea, 206 
Affetacrinut, 207 
Ag^iaeyUiB, 207 
Agdadia€ua, 208 
it^rioermiM; 166 
Aldrovaadns, U., 288 
AUeto,\9^ 
Alexandria, 818 
AUoffecrmHM, 161 
Attiania, 201 
Attccrinut, 162 
AUoegdu, 72 
^/to/mMo^^ocrJMtM, 167 
^ffiMamMNS, 166 
AiMypimuUB, 818 
ylmi^KPy^MJ^ 820 
ambnlams 2, 16 ; (Blast), 

78 ; (Ech.), 286 
ambnlaeralia, ambnlaerals 

(Grin.), 100, 116; (Ast), 

241; (Ech.), 288, 296 
ambnlacral months 247 
amnion (Xoh.), 16 
amoebocytes, 22 
AwiMpkoqfMtUt 66 
Amj^i9riMto9nmm$t 178 

^1 ^^^^WMi^v^^l SVv 



AmpMfflyphn, 278 
AwphUfpU, 278 
AmfihtjAolis, 278 
amphistemous, 818 
^•liii|j/ui4f«, 278 
.•linjjAiwd, 169 
«-lfiip/uimcriM9ts, 170 
Awiihcraegsiit, 47 
Amphorideai 43 
ampulla, 290 
AmjfffdaloegHtM, 68 
anal pUtes (Crin.), 119; 
(Eeh.), 294 

— spiracle, 86 
^ tube. 131 

— «iU9 
Anttuehftei, 821 
ilno^o, 284 
^NiwterMtf, 268 
AnauloeidariM, 814 
anchylosis, 108 
Afiic^foeriuiUf 177 
anectoliranohiate, 804 
ilMifoertnia, 189 
Ankifrvdenna, 288 
i4n0e/M»iw, 820 
Anomalanthui, 818 
^nomo^Mnnw, 146 
AnomaioqfMitt 61 
Anorthapygui, 820 
^ntefon, 196 
iltUAmM, 268 
ilnMaiouiff, 268 
i4iiMo^«Cif, 62 
^ntAsmocrmfw, 200 
AnihoorinuB, 176 
antimeres, 19 
AoroerinMSf 167 
^jnA«itirf«tas<sr, 261 
apical nervous system, 80 

— system (Crin.), 112; 
«h>h.),268;(Ieh.).286, 
294. See also ealyeinal 

ApiocniWM, 191 
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AploeriiMUt 151 
Apneamona, 226 
Apodal, 226 
AporiU, 69 
AporoerimMSf 201 
ApoitoUdai, N. O, 261 
ArachnicfUuruM, 812 
ArachmMrimUt 175 
AraehnoejfMU$^ 54 
ArathnoidiUt 618 
AHMcia^W^ 
ArlMcinm807 
•rcftde-like ipaoM (Aft), 

248 
ArchoMcidariii 802 
ArchatocrmHt, 200 
ilrGAa«x(«uf0Ma, 808 
ArehasopneHSies, 821 
^reAa«<0r, 251 
^nA<u<»rm«, 250 
ArehegocifslU, 78 
Archiacia, 821 
AiyasUr, 250 
iltxro/Mi^^^itf, 828 
ilriftocrmiM, 190 
AriMtoejftti'jt, 44 
ArUtoUe, 218, 288 
Mill (Criu.), 112; (Ast), 

241 ; (Oph.y, 262, 267, 

270. Um alM bnehU 
— facet, 100 
^ poree, 180 
Arthraeaniha^ 158 
Arthmtter, 255 
article basal, 108 
articles brachiaax, 204 
ArticaUU (Bather), 178; 

(Jaekel), 141 ; (MiUer), 

188;(MUller),188;(W. 

k 8p.), 189 
articulation (CtId.), 108 
Articuloea (Joekel), 141; 

(W. ft Sp.) 140 
Ascidiastella, 218 
AMCocyttit, 77 
Atpidoerinui, 201 
Alpidodiadeitia, 808 
il^piciosoma, 250 
Aspidura, 278 
ilster»a,201 
^s^jos, 201, 258 
^ mAefw, 241 
ylsieno^ttef, 201 
Asterid plane, 21 
Aiterina,264 
Astemata, 820 
AMmfbladHB, 80 
Ad^foerinui (Lyon), 159 
-- (Mtinst), 201 
AtUroeifttis, 80 
ilKsnMlifeitf, 264 



^Jterodon, 258 
Aateroidea, 289 ; diag- 
nosed, 248 
AMenptu (Oott), 809 

— (H. ^ T.), 254 
Aderostoma, 821 
<^4<AauMoma, 811 
Aitrdia,262 
AdridjfpgiUf 817 
^J^rtof, 202 
Adroeeratf 276 
^«6veA«{«, 276 
ilj^rocHuio, 276 
Astroeoma^ 202 
i44<n»eKfitM (Austin), 91 

— (Conr.), 161 

— (Cnmbi), 202 
Astroe^HiUt^ 209 
iit^njcfon, 276 
Attroffwif^us, 276 
4«tnijfonti(»», 258 
ji#(nm^, 276 
AstropeUen^ 252 
^4«fovjiiAytoii, 276 
Attnyfodia, 202 
^4s<n9N>f7«, 276 
AHropyga^ 810 
AstrotcKemOf 276 
AMtrototHO, 276 
yls^y^oerinfcj^ 181 
<^tea»crtMTf4, 146 
AteUeriuut, 195 
AtdecjfMtu, 51 
AteUtiocnHut, 179 
Atelostomata, 818 
il^icnntM, 202 
«4ii/cicrti»M«, 180 
^Mm?4ana, 5, 225 
AiiatiiiocnHuSt 188 
Jtcs^m/an^Kf, 821 
axial canal, 101 

— cord, 12, 103 

— organ, 28 ; (Ech.), 291 

— sinus, 22 ; (Crin.), 108 ; 
(Ast) 248 ; (Oph.), 266 

axillara, axillary, 114 
Ayers, H., 82 
Azygos plates, 204 

BaetroeriHUi, 178 
BebonlocifHu, 46 
Beterocrimu, 145 
Balanocrinui (Ag.), 182 
-^ (Trooet), 202 
Balanoeifwtiit 77 
Barrande, J., 44, 48 
Barfandeocrinugt 166 
BoryenwiM^ 179 
basalia, basals (Grin.X 99, 

122 ; (Ast), 246 ; 

(Bch.), 294 ; (Oph.), 268 



Bathpbituter, 252 
Bath^cnmma, 186 
Batk^plaUi, 227 
Batocrinns, 167 
BoMeria, 806 
Banr, A., 218 
Banr's Teslcles, 82 
BdoUaeoMo, 254 
BdemiHoeriiMtt, 152 

Bell, F. J^ 261, 285, 826 
Belon, P., 218 
netUhiuUr, 257 
BmtKodyteM, 229 
BaUhepeeUn, 251 
BejfrkhocriHHS, 168 
bifasdal artlcuUtion, 117 
Bipimmaria, 5, 248 
biscuit spicules (HoL), 224 
biserial amis, 115 
hiviom, 11 ; (HoL), 220 ; 

(Ech.), 296 
BlainviUe, H. D. de, 240^ 

260 
Blairoermui^ 169 
Blatituler, 2151 
Blastoidea diagnosed, 78 
BUutoidoerinuMt 80 
Bohadsch, J. a, 218 
BohemieoeriuHS, 201 
BoUtia^^lZ 
boss (Ech.), 287 
BothriocUiaritt 800 
Bothriocidaroida, 800 
Batriep^gHM, t20 
BotryocnnH4^ 179 
BourgueUcrinuif 194 
bonrrelet 819 
brace, 289 
brachia, 8, 100, 112. See 

also arm 
brachialia, 100, 204 
Brachicerinus, 146 
brachiola, brachiolee, 8. 41 
Braehiolana, 6, 248 
branchiae (Bch.X 298 
branchial ▼eeides, 245 
Brandt J. F., 226, 240 
Brtynia, 828 
Breynitts, J. P., 288 
Briaroerinus^ 162 
Brisiftga, 259 
BritinffoUer, 259 
BrittoptUofffitf 828 
Br%99ip9iM, 822 
BrifSMji,828 
Bronn, H. O., 40 
buccal fissures, 268 
— papillae, 264 
-- shield, 264 
Buch, L. ▼., 40 
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JSumfendcMAio, 274 
JIurMcriiMM, 180 
barsM, 26 
.banal tUt, 264 
Bury, H.» 218, 240, 261, 
285 

OauoahocrvMU^ 164 
C{K:tocrmi««, 170 
caeoa (Ast), 243 
OfliiMocrtfiiw, 182 
(AftomomniM^ 192 
CUa<A4)er»MM (HaU), 170 

— (Meytar), 182 
Oaleeocrinns^ 148 
Caleidoerinus, 201 
CUiz, 46 

Ca22ai0aym»ti«, 190 
OttUiaster (Qray), 258 

— (Trautsch), 259 
CkUlierinus^ 164 
CaUidenna, 253 
Callocystis, 62 
CalocrinuB, 202 
Calpioerinui^ 189 
ai/v(u<<^uM, 258 
CaZyoofUAoenniiJ^ 150 
CalycoMUr, 255 
Calydna, 306 

calyoinal systom, 14 ; 

(Oph.), 268. See alao 

apical 
OiJymiie, 821 
Odiyptader, 257 
calyx, 99 

Onfiiaroerinitf, 77, 161 
Gamerato (W. k 8p.). 139 

— DicycUca, 198 

— Monocyclica, 159 
CampanulUes^ 202 
Camptocrinutf 159 
canal furrow (Oph.), 262 
Oanistrocrinust 161 
OipA^im, 229 
CambocrinUM, 172 
OoratoviiM, 320 
Cardiaster, 321 
Oardioeyalit, 77 
CbrdKOcrintM, 179 
Ctero^iermttf, 165 
Carpenter, P. H., 14, 44, 

91, 139, 140, 182, 325 
OarpoorinuSf 166 
Oarpoqfstia, 73 
CcayoermuBt 67 
Cbyyo^#^ 55 
Ckuyophylliies, 197 
OutianocriniM, 182 
Ckuiidylwt, 321 
OowAnioeriniw, 161 
Ca#(ocffi»iw, 148 



CkUUloerinuB, 150 
CAttopy^ntf, 321 
Caudifia, 233 
Oui/aitor, 251 
OmoeriniM, 182 
central blood-pleziiti, 28 
central plate (Oph.), 268 
centrale, 135 
OetUriocriHUSf 162 
CetUroerinuM (Austin), 157 

— (W.ASp.), 162 

— (Worthen), 202 
centro-donal, 135 
Ocntrotiqahanus, 309 
Ceroifwcrinna^ 177 
OeriocriHHa (Desor), 191 

— (White), 180 
CluutaUer, 255 
Cfieinuler, 251 
C/iemtcrintts (Eichw.), 63 

— (Hall), 148 

— (Salter), 148 
CheiroptasUr, 257 
(Jhelocrinns^ 162 

Chiiue, 8. Delle, 240, 284, 
285 

uUiasma (Criu.), 114 

Chiridota, 234 

ChihtnaHer^ 253 

OMadocriMis, 182 

ChoUuter, 275 

Choftdrocidaria, 302 

ChoriaHer, 254 

chromatogen oigau, 23 

CuJam, 302 

Cidaroida, 801 

Oidaropna, 307 

C^om, 48 

ciliated umK, 235 

Ciono^iMug, 323 

Uircopdtia, 307 

circumoesophaf^l canal 
(Ant.), 243; (Oph.). 
265. See also Hydro- 
circus 

— nenre-ring (Grin.), 102 ; 
(Ast), 245 

cirri, 107, 133 
Cirrigrada, 260 
CUroeyttitt 53 
Cladocrinua (Aust), 189 
Cladoidea (Jaekel), 141 
Cladophiurae, 276 
OlaviasUr, 321 
davulae, 31 
CUiocrinus, 191 
CUistechinuM, 323 
CUnuUoarinuit 156 
aidoehinu, 188 
cloaca (Hoi.), 221 
CUmocrinuM (OehL), 161 



doHoeriniU (QnenstX 1^2 
close suture, 108 
Cloiteroerinutf 173 
Clypeanthm, 321 
ClypeatUr, 318 
aypeastiina, 316 
dypeopygus, 821 
Glypeua, 321 
Onanidiaster^ 255 
Coadunata, 138 

(AW6(NT<M1f#, 156 

Oxfojler, 82, 92 
CVK^nrAixtM, 810 
OodiucriMUy 177 
Codiaeygtit, 73 
Oodiopsis, 309 
CodouUea, 84 
CodoDoblastida, 91 
Codouocriuus, 202 
aM!fa«^9/(Saudb.), 259 
Coeiasterias, 255 
coeliac canal, 101 
OoeliocriHiUf 180 
C'fie^T»»»fr« (M. & W.), 
167 

— (Salter), 200 
coeloni, 7 
Cioe/^ip^Mni*, 308 
collateral organ, 23 
OMyrUes, 321 
CoUjbocenirolHM, 313 
ColoehiniSy 230 
Colymter, 259 
columua, 48, 99. See also 

stem 
columuals 105, 132 
OouiarucystU, 55 
OoimutUr, 196 
OouuUiila, li)5, 196 
6\>»ia/ii/t>M, 202 
Coinaturella, 202 
coiiiposs (Ech.), 289 
Oinnpmjttet\ 255 
CtiMpmicrinMy 165 
Coiajilonia^ 253 
Condylitcriuwtf 201 
connective tisMue, 28 
Omodypetu, 316 
CoHoerinut (d'Orb), 194 

— (Troost), 202 
Ck/Holampai, 821 
convoluted organ, 136 
Cop/ttniM, 202 
Coptodiaeua, 316 
C(Qp^op^yma, 812 
O^itoaoma, 310 
ClDras^, 322 
CbrciyfoenniM, 156 
corona (Crin.), 99 
Cbroncueer, 258 
CMVuoeriniM, 164 
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CoTflocrinus, 67 
Oarymboerinus, 162 
CotdnasUnas, 258 
OotmatUriatf 258 
Ootmocrintis, 179 
OMtaliA, 141, 204 
OosUU (Mttller), 188 ; 

(Jaekel), 141 
CoUaldia,9W 
CotyUeriwua^ 198 
Ootylederma, 198 
CotyUdcnoerinMS, 159 
coTering-plmtas, 101. 8m 

also ambalAcrali 
Onupidatter, 252 
Cfraterina (Ban*.)* 46 
CraterolaMpas, 321 
Crenuiarinut^ 148 
Crmatter (Perr.), 251 
Oi6re^258 
OribreUites (Tate), 259 
cribriform organs, 251 
Orinocystii, 77 
Crinoidea, diagnosed, 94 ; 

(Jaekel), 141 ; (MttUerX 

188 ; (Roemer), 88 
— brachiata, 94, 138 
Cfrcmyoerinus^ 181 
OrouasUr, 256 
OroialoeriH%i8^ 176 
crown, 99 

Crumenaecrinus^ 202 
OryptaUer, 257 
CriptMoHfu, 89, 92 
CryptocrinuSf 69 
CrypiodisetiSt 164 
O^ptoseAuwuz, 84, 92 
Crjptozonia, 254 
OryitaUoeyaiU^ 58 
CUruuUr, 256 
Ctotoermiw, 161 
CtmodUcuMf 251 
(Aioimarui, 230 
Cnenot, L., 38, 218, 240, 

261, 294 
ON^cOa, 254 
OM/teomwtM, 156 
CWfMttoecrmttf, 156 
Oupretaoerinutt 177 
OupuUuter, 259 
OVpw^o^rinttf, 202 
Cuvier, G., 1, 218, 226 
Cavierian organs, 223 
Oyathidiwn^ 198 
^athocrinacea, 171 
Cyathocrinidae (W. k Sp.), 

171 
Cyathocrinoidea, 172 
CyaihocnwiUj 178 
(>atto<ys<Mb 208 
O^MAfti, 254 



Oydasler, 828 
CVefoer»iuw(d'Orb.), 192 

— (Wfihw.), 77 
(VefMifffOMies, 210 
CyfieoermM (a A. MilL), 

166 
Oyiieocrinus (MttUer), 156 
CfypeUoerinuM (SIiiibl), 

156 

— (Stein.),' 177 
Oyphoerinus, 199 
Cyphotoma, 810 
Cfypre$$oerinu9, 202 
CifTfufoertniM, 188 
CyrtomntM, 197 
OyHatUr, 207 
Cystanteroidea, 205 
Cytteehiutti, 821 
Cystidea, diagnosed, 39 
Cydidea (But.), 77 
Cyaioblathu, ^ 
Cyvtocidaroida, 800 
Oy&toerinui, 202 
C^tocrinut, 161 

Dadyioerinus (Quenst), 
189 

— (Slad.), 180 
DaUyloeywtU, 74 
Dadoerinug, 182 
i>a«nia»UMrMiii«, 202 
Deeacfumot, 202 
/)sflflktofl^to fl r i imi^ 202 
Deeadoeriniu, 180 
DeeameroSf 202 
/>»9na, 229 

deeper oral nervous sTSiem, 

30 
Ddoerinut, 180 
DtUacnnui, 148 
deltoidea, 100. See alao 

oralia 
demi-plates, 288 
Denu>crintit, 194 
Dendrocrinacea, 171 
/>e9u{romi»o<dM, 178 
DendrocrinfUf 179 

— aiin5r»efuif, 146 
Dendroeystis^ 47 

denUl papillae (Oph.), 272 
Derbtis, A., 285 
dermal branchiae, 245 
DeniuuteriaSf 254 
desmactinic, 287 
Dearmdocrinu$t .166 
Desor, E., 284 
DeaoreOa, 820 
DeutocyttU, 46 
IHabolocrinm, 200 
Duuieina, 809 
Diademina, 808 



Diademoida, 806 
Dtadenupiis, 800 
iXtmieMomiiiM^ 200 
dibracbialia, 204 
ZHehoerimui, 159 
diehotomy of anna, 112 
dieostalia, 204 
]>icty<ulmr,^% 
DietyoeriMU, 77 
DietyopUftruM, 312 
dicydic, 99, 110 
Dieyclica, diagnosed, 171 

— Camerata, 198 

— luadiinata, 171 
IHift€rocrinm$ (Paeht), 190 

— (PhUL), 198 
DimorpkicriuMt, 84, 202 
Dinocy$ti$, 209 
DipUultriaa, 258 
JJ^Omrutm, 4 
D^flocidnri9, 9W 
D^dopodia,W9 
dlploporss, 41 
Diploporita, 70 
Diplotaffma, 809 
D^thth€eimtkH$, 818 
Dipneiuiu, 822 
DtjMocaster, 252 
Ditastenna, a^ 

disc. (Ast), 2; (Crln.), 

99;(OplL). 262 
DitcoddanM, 902 
DtMCoeytUt, 208 
Dimxndm, 816 
distal (CMn.), 109 
distichalia, 204 
Distincta, 178 
Dizyyoarinut, 168 
Dolaioerintu, 164 
Z>o{teAoeKiMW, 197 
/)o2Jo&wr»niu^ 202 
Danaeiermiu, 202 
Dor^P'Ofia, 258 
DorocidariM, 802 
dorsal canal, 101 

— cup, 99 

— fossa, 116 

— oigao, 28 

— shield, 262 
dorso-centra), 14, 106 
Doryermua, 167 
Digardin, F., 40, 260, 284 
Duncan, P. M., 284, 299, 

806 
Duvemoy, O. L., 240 
DymuUr, 321 
Dytatter, 251 

SMnamihmi, 318 
JBeWnonM Anrf ni, 817 
JJeMnoifsr, 258 
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EchinasterellOj 257 
Echinid plane, 21 
Echinina, 311 
Echinites (Duncan), 316 
EchincbriMuSy 320 
Echinocardium, 328 
Echinochrome, 23 
Echinoeidaris (Dunc.)« 308 
EchinocorySy 321 
EchinocrepiSy 324 
EchimocrinuB {U Ag.), 202 
Echinocucuinig, 230 
EchinocyamuSf 317 
Echinocyphus, 312 
Echinocystia (Hall), 70 

— (W. Thorns.), 301 
Eehlnoderma, diagnosed, 34 
Echinodiademoy 309 
Eehinoducua (Ag.)f 317 

— (Worth. AeMUI.), 208 
EchinoeticrinuBj 60 
Echinoidea, 282 

— diagnosed, 299 
EchinolampaB, 821 
.ficAtnomeero, 313 
Eehirumius, 320 
Eehincpedina, 310 
Eehincpsiif 308 
JS:;Ain<MrpAaera, 53 
Echinostrephua, 313 
EchinothfiXy 310 
EchinothuriOy 311 
Echinozoa, 83 
JS<:^tntt«, 313 

— MCu^^n^tM^ 285 
.£ie^<m>cKnuj^ 146 
Ectobranchiata, 306 
ectoderm, 30 
Edrioaater, 209 
Edrioasteroidea, diagnosed, 

205 
EdriocrinuSf 191 
Edrioeystisy 209 
Edwirdaocrinuef 157 
Eleuacrinus, 88 
Elasipoda, 226 
EUiUherocrinuay 87, 92 
Eleutherozoa, 33 

— diagnosed, 217 
Elpidia, 229 
Emperocrinu8t 202 
Enallasier, 321 
EnaUocrinus, 176 
EruUlopnrHsteSt 321 
Encope, 317 
Encrinos, 202 
JBhcrtnttf, 181 
Endobranchiata, 300 
endocyclic (Ech.). 294 

— gut (Crin.), 136 
endothec&l food-grooves, 41 



EnicKasUr, 321 
Enneaeystia^ 67 
Enoplaurcty 51 
JPn^Ofruu^, 321 
Enirochiu, 202 
Enypnicutes, 229 
EoeyHU, 48 
Eodiadema, 308 
Eolampas, 821 
EUuidia, 275 
Eospondylus, 275 
A^ipa^ocrintM, 177 
EpiauttTy 321 
epineural canal, 15, 30 ; 

(Oph.), 266 
epipodium, 288 
epithecal food-grooves, 41 
epizygal, 108, 117 
ErUmocrinut, 167 
EHnocyati8y 60 
ErisocrintUy 181 
Etheridge, R. ill., 91, 139 
ethmolysian, 295 
ethmophract, 295 
Euasteroidea, 249 
Eublastoidea, 81 
BuecUyptocrinua, 164 
JE'ttc^tromnuf, 148 
Eudadia, 275 
EudadoerinuSy 158 
Eucrinoidea, 139 
^umnttf, 199 
EudysHSf 72 
Eudesierinus, 198 
EudioerintUy 195 
Eiiechinoidea, 299 
Etigaster, 274 
EugeniacriwUf 197 
Eupachycr%nu»y 181 
Eupatagns, 328 
Euphronides, 227 
Eupyrgus, 233 
EurhodioLy 321 
Euryale (Konig.), 154 

— (Lam.), 276 
EuryalecrinuSt 189 
Euryocrinus, 190 
EurypneuaUSy 813 
EuapirocrinuBy 173 
Eutrochocrinuay 167 
Eveehinttay 313 
ezocyclic (Ech.), 294 

— gut (Crin.), 136 
ezothecal processes, 41 
external gills, 26 
.£!z<nicnnu«, 182 
eye, 82, 245 

Fabrieius, O., 218 
Faorinoy 322 
fasciole, 319 

22 



Favjaaioy 821 
jPtfrrfino, 255 
FtbulariOy 817 
fimbriated channels (Oph.), 

251 
finials, 115 
FistnUU (Jaekel), 141 ; 

(W. & Sp.) 189 
Fistulidea, 218 
fixed brachials, 112 
FlabeUocrinuay 182 
Flexaatery 257 
Flexibilia, 140, 187 
floeoelle, 819 
Forbes, E., 260 
Forbeaiocrinua (Aug.), 189 
^ (de Kon.), 189 

— AgcLaaixiy 190 
forcipiform pedioellariae, 

247 
forficiform pedicellarlae, 

247 
food -groove, 100 
Freydloy 259 
/Vomio, 255 
FungocyatUy 74 
Fureastery 275 

OagariOy 810 
Galeaatery 321 
OalerUeay 316 
Ocderoelypeu8y 820 
Oaleropygua, 816 
(?ammafioertniM, 197 
Ctenma, 254 
OanymedOy 208 
&aj<€r90oma, 177 
Oaatraatery 258 
Oaatroertn%t8y 179 
Gaudry, A., 240 
OauTocrinuMy 208 
OauthieriOy 310 
O^ozomiiK^ 188 
Oeniccpatajfuay 821 
genital nerve ring, 266 

— organs, 24 

— plate, 264 

— rachis, 101 

— ring (Ech.), 291 

— scale, 264 

— stolon, 23 

genitals (Ech.), 286, 294 
(/mnoeomniM, 169 
Oeocoma (Fraas), 195 

— (d'Orb.), 278 
OeocrintUy 168 
Oibbaatery 828 
OilbertaocnntUy 201 
Oiaaocrinuay 175 
glandular organ, 28 

— pedicellariae, 81 
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(flaphyroey8ti$, 60 
OltnotmniUSy 203 
Olypkocyphna^ 812 
UlyptoMter, 108 
O'lifptechinus, 813 
iilypiieui, 807 
OlyptoertHUM, 161 
GlyptocyitidM, 58 
Olyj^oeyMtUt 64 
Olyjptaiphamnf 78 
GnathatteTf 258 
&tia(Aoen'niM, 203 
OnathofltomaU, 815 
gnathostoniata, 304 
C/ii0KiNoer»niM, 180 
OoWimia (Norman), 208 
Omi^ahoqf$tUt 77 
ffonadfy 25 
Ooniaster, 258 
&0fiia<<«r(7ufom»iM^ 201 
Oomoddarity 802 
(7oii»ocrtfiiij^ 179 
&Oft»o<2iMia, 253 
Chmiodon, 253 
&o»ugMe<0n, 251 
OontqpAonM, 806 
OoniopneutUs, 818 
ChmiopyguM, 807 
(Tdnocrinuj^ 60 
Oorjf<moeepKaiu$t 276 
(7olA<>ennitf, 170 
(Trammee^miM^ 818 
OmmmoerimM^ 208 
Qranatoblastida, 92 
OratuUoeriHtu, 90 
G'mpAuNTiniM, 180 
OroHoy 321 
Gray, J. £., 240, 260 
Gregory, J. W., 261, 810 
Grube, A. E., 226 
Gualtieri, N., 284 
OtuUtieria, 828 
OuettardicrinuM, 192 
Ouettaria, 821 
gut, 136 

Gyllenhal, J. A., 53 
Oymnoiteria, 254 
OyiMiobriiinffo, 259 
OymnoerinuSi 197 
Oymnodiadma, 808 

JSTafrrooriniu^ 166 
^MirvertniM, 164 
Ha«ckel, £., 40, 48, 48, 

49, 52, 326 
haemal itrands, 28 
Ifagetwrna, 321 
HaifMOt 820 
HaUicyHUt 61 
JIaloerinu$t 177 
Jfalaphetiix, 208 



HalysioerinuSt 148 
Hamaun, 0., 218, 240, 261 
Hapalocrinuty 156 
Haplocrintity 151 
HaploeysHs, 208 
ffaplodadyla, 238 
haploporee, 41 
ifarmoen'nM, 162 
heart, 23 

HdiaiUJuuUr, 258 
HdioiUr, 258 
Helihodiadema, 809 
^e^iomnuj^ 55 
HUioeyaliay 55 
J^etmtiiMa^itAM, 208 
HemiaUer, 322 
iireifueirjam, 807 
£r(nniooMiitoi, 66 
iTemiertiiiM, 197 
ffemieyalii, 207 
HetwUHryaUy 276 
HemiglypKa, 278 
ffemifiotagui, 821 
Hemipedina, 809 
Ilemipholii, 278 
IlemipnetuU$t 821 
Henridat 258 
H^rouard, K, 218 
fferpetoerinusy 146 
ITfreAa, 208 
ffderoblastus, 90, 92 
ffeUroeeiUrotuSt 818 
HeUroeidatUy 809 
ffeieroclypeuB, 821 
HeterocriMis, 146 
HetenxyitUt 67 
HeUrodiadeinoy 809 
Heierolampasy 821 
HeterosaUnia, 306 
heterotomy, 112 
Hexacrinus, 158 
Jlexaetis, 240 
Hexalaeystit, 66 
Uibemuloj 195 
HippasteriaSt 258 
Ilippanoi, 318 
Hotfmann, C. K., 285 
Holaster, 321 
HolectypiuA, 815 
HoUetypus, 816 
Holocrinutf 182 
Holoq/stis, 47 
**JIolocystitea," 72 
UohpneutUSy 318 
^o^u«, 197 
ffololhuria, 227 
—foraktUi, 220 
Holothurian plane, 20 
Holothturioidea, diagnoeed, 

218 
ffamaloerinus, 189 



Jfomocrinuity 179 
HotHocystii, 64 
IlonweatUr, 323 
Hatnola7»paa, 323 
HopfasUr, 253 
Hoplocrinus^ 145 
Hupd. H., 40, 284 
Huxley, T. H.. 33 
HybeehifiMB, 818 
HyboeTypgHS, 320 
Hyboerinut, 145 
HybocyttU, 95, 145 
HydraalerioBy 258 
HydreioHocrihHty 180 
JTydriocrinuSt 180 
hydxociroua, 12, 102 
hydroooel, 7 
hydrophores palm4et, 44, 

46,78 
hydropore, 8, 108 
hydroepire platei, 86 
hydroapircs, 88 
ffymmuuter, 257 
iTymfiiocfiaeM, 259 
J/yoertiMM^ 158 
/fypanMoennttt, 164 
ffyperoerinuM, 168 
ffyphaioHer, 251 
/TspmrmiM, 178 
Byponome, 77, 195 
hypoetereom, 45 
Hypoetoma, 260 
hypothecal, 2 
hypoiygal, 108, 117 
Ifypaagpatoffus, 823 
J/ypiioarinuty 199 
IlystrierintUj 158 

Ichthyocrinus, 188 
IconoiUr, 253 
leondaeiyloeriHMM, 203 
/(fiocnniM, 188 
ilariona, 320 
IlycrinHS, 186 
Uyodaeinon, 229 
imperforate articulation, 

108 
Impinnata, 187 ; (of P. H. 

C), 140 
Inadunata dicyclica, 171 

— monoeyclica, 144 

— (W. & 8p.), 180 
InarticnUta, 138 
/fufianomiiKf, 145 
inferradial, 112 
infrabaealia, infrabaaali 

(Criv.). 99,122; (Aat^ 

246 ; (Oph.), 268 
Ii\fradypeus, 320 
infra-maiginals, 246 
If^fnUuler, 321 
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intenmbulacra (Ech.), 286 
interambnlAcrala (Crin. ), 

109, 124 ; (Ast.), 241 ; 

(Ech.), 296 
interarticular substance, 28 
interazUlaries, 109, 204 
iuterbradiial areas, 246 
interbrachials, 109, 1 18, 204 
intercellalar substance, 28 
intennarginals, 246 
internodals, 107 
interpinnulan, 118 
intomdii, 20 
intenecandibracbs, 118 
/omniw, 145 
IraniatUr^ 828 
Irpa, 229 

Irre^lares (Blastoidea), 91 
Irregiilaria (Crin.), 139; 

(Ech.). 315 
/jc«ter(VeiT.), 251 

— (Desor.), 321 
Irisy 182 

JsocrinHM (Meyer), 18- 

— (PhilL), 189 
IsopneusUs, 323 
isotomy, 112 

Jackson, R. T., 299, 302 
Jaeger, O. F., 226 
Jaekel, 0., 114, 116, HI, 

154, 171, 800 
jaw (Oph.), 263 

— pUte, 264 
/tfnmia, 821 
JuglandoerintiSf 67 

KaUispintffia, 203 
kidney, 23 
klasma-plate^s 297 
Klein, J. T., 283 
Kolja, 229 
Koninchocidarisy 802 
Koninekoerinutf 203 
Karethrasier, 256 
Kowaleysky, A., 218 
Krohn, A., 240, 261, 284 

LabidiatUr, 259 
Lahidodemaay 227 
lacunar plexus, 102 

— system, 26 
LaUmogoMy ^7^ 
Laganum, 817 
LajftnioenmiSy 152 
LaJwueniocrinui, 200 
Lamarck, J. P. B., 226, 

240, 260, 284 
iMmberiiMUry 823 
Lampadaatery 821 
LampterocrimUf 199 



lancet-plate, 82 
Lanieria, 816 
Lankester, £. Ray, 38 
LapUlocystia, 46 
Lapworthura, 275 
Lanrata, 141 
Larviformia, 139 
Ltuiaster, 254 
lateral arm-plates, 270 
LatibeocriniUt 170 
LebrufMster, 254 
Leeanocrinus, 188 
Lecifthioerinut, 177 
Lecuthocrimu, 175 
Leiaster, 255 
LeiocyphWy 312 
Leiopetlinn, 813 
LeiosomHy 310 
Uiiifn^ 317 
/< UocritiMf 61 
Lepadocyatist 61 
Lepidasier, 255 
Lepidesthss, 305 
LepiiUiccntrus, 301 
LqiidocidarUy 30*2 
Lepidodiscua, 208 
Lepidopletirus, 312 
LepoeriniteSf 61 
Ltptoiter, 253 
LepUuterias, 258 
LeptoeidariSt 307 
Tjgpiocrinuty 166 
f^ptocystia, 204 
LqotogonaaUrt 253 
Leptoplychaater^ 252 
leptostroterate, 254 
Leske, N. G., 284 
Z^fibM, 823 

Leuckart, R., 2, 33, 326 
Ijeucop/Uhalmuat 53 
Liehenocrintta, 133 
Lichenoeyatia, 56 
//icAenot^, 56 
ligament tis.sue, 28 
ligamentar fossae, 116 
Linchopfiarua, 828 
Unck, J. H., 239, 260 
/AtuJaa, 255 
Linnaeus, C, 53, 240, 260, 

284 
Linopfieuatea, 323 
LitUhiOt 828 
LUhoerinua, 189 
Ljungman, A., 260 
Lobocrinuaf 168 
/>76o/i^f«, 77, 136, 161 
ZMtoiie2to,46 
Z<meAotasfcr, 251 
loose suture, 108 
Lophaater, 256 
Lophocrim^ 179 



LMTiolaMer^ 257 

Lovun, S., 14, 82, 285 

LoTen's plane, 21 

/>W0iiia, 823 

Ludwig, H., 218, 226, 240, 

261 
Zuufui, 252 
Luidiaatert 251 
lunules, 2(^8 
Lyman, T., 261 
lymph gills, 245 

— gland, 23, 27 
Lyrioerinua, 200 
lysactinie, 287 
Lyaeehinua, 305 
Lyaocyatia, 70 
Lysophiurac, 274 
Lyttiater, 258 

M plane, 20 
J/(icaracnnt<,«, 166 
MacBride, E. W., 13, 14, 

240. 261, 285, 325 
iMackiutoslu H. W., 285 
MacraaUrt 321 
MacrocrtHuay 168 
Afacroeyaidla, 56 
AfacropTieiiatea, 323 
MacToatyltHirimUy 162 
inadreporic gland, 23 
madreporite, 11 ; (Ast.), 

241 ; (Ech.), 286. See 

also hydroix>re 
Mngiioainy 309 
main-axil, 114 
Maloeyatia, 58 
tiiamelon, 287 
MammaaUr, 255 
Maretiay 323 
uuirginals, 241, 246 
Marginaster, 254 
MariacnnuSf 161 
Maraipaaler, 257 
Maraipoerinuat 156 
Maraupiocrinua (Blalnv.), 

185 

— (Hall), 200 

— (Phill.), 156 
AfaraupUea, 185 
marsupium, 256 
Mtuiigocrinva, 179 
MayraaUr, 257 
Meckel, J. F., 240 
Mediaater, 253 
i/«ifiiiMri}iiM, 203 
Meduaaater, 259 
Metkoeyatiay 61 
Megaeyatis, 47 
MegalaaUr, 821 
Megiatoerinua^ 168 
MdiieUa, 817 
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MeUiia, 317 
Melocrinoidea, 160 
JdelocrinnSj 161 
MehniUg,S(A 
Melonitoida, 803 
Afetma, S23 
meridosternoui, 818 
MerocriniUf 178 
Mewerts, 227 
Meioblastut, 90, 92 
Mesoerinua, 194 
Mefoeystis, 75 
mesMtereom, 45 
Muothuria, 227 
Mupilia, 818 
Mapiloerinus (de Kon.)i 
188 

— (QQenst), 192 
Mespilocyttia, 77 
MetabUuttu, 87, 92 
Metaerinus, 183 
Metalia, 323 
Metaporhinua, 321 
Afetopaster, 253 
Metrodira^ 255 
Metschnikoff, K, 218, 285 
Micrcuter, 828 
Microcrinus, 203 
Microeyphua^ 813 
Mierodiadema, 809 
MicrolampaSf 321 
Micropedvuit 310 
Micropocrinus, 198 
Micropsina^ 813 
Microp8i8f 310 
Micropyga, 309 
miliary granules, 287 
Miller,- J. S.. 97, 138 
MUler, a A., 47, 260 
MillericrintUf 191 
J^tUe^v', 321 
Mimasier, 253 
Mimocyatiiy 56 
Mioapondylusy 275 
MiaaouricrinuSf 153 
MUeU}^haater, 253 
Mithrodia, 258 
AfUraster, 253 
Mitrocrinutf 203 
MUrocyUis, 50 

AToifio, 323 
MoiropaU, 323 
Mdpadia, 233 
Monaster, 250 
monocyclic, 99, 110 
Monocyclica, diagnosed, 
144 

— Camerata, 159 

— Inadunata, 144 
Monophora, 817 
Monottychiot 318 



Moriatter, 252 

Mortonia, 317 

Moulinna, 317 

mouth -frame, 263 

mouth papillae, 241 

Muelleria, 227 

MtiUer, Joh., 40, 138, 218, 

240, 260, 261, 285 
muBcle fibres, 27 
muscle fields, 262 
— fossae, 116 
Mycocrinui, 150 
Myelodactylua, 146 
Myriotrochus, 234 
Myrtillocrinus, 177 
Myxa$ter, 257 

yiaeospeUanffvit 323 
Nanoci-inut, 177 
yarcistia, 255 
Nardo, J. D., 240 
Kardoa, 255 
JVec^rio, 253 
NematocrinuSy 160 
Neoeatopyffus, 321 
Neocrinoidea, 139 
iVeocnn««, 182 
yeocystis, 77 
Nedampas, 321 
NeomorphaBter^ 255 
Neoplax, 276 
Neopneustea^ 323 
Nepanthiaj 254 
Neumayr, M., 44, 48, 49, 

326 
Neviani, A., 310 
yidcrellia, 254 
NipterocriHHSj 188 
nodals, 107 
Xiideoerinw, 88, 92 
yucUolites, 320 
yucUcpygua, 320 
NymphaUer^ 253 

oculars, 286, 294 
Odinui, 259 
Odontaster, 253 
odontophore (Ast), 247 
Ofaster, 821 
a^m4U^, 258 
OAtocrtniM, 146 
Oken, L^ 226 
Oligopodi4i, 820 
Oligoponis, 304 
(Higopygtu, 320 
OlivaniUs, 88 
OUacrinua, 201 
OnaxrinuSf 187 
OneirophaniOt 229 
Onychaster, 275 
OnycAocriRKf, 190 



Ootose«r, 821 
Opeehinusy 812 
C^ta«an/Aa, 278 
OphiaetU, 278 
Ophiaraehnoy 277 
(^AiariAruin, 278 
OphidiatUr, 255 
^iemiM, 278 
OphUMennOy 278 
C^Aio6yr«a, 276 
C^AtoeafAox, 278 
C^Atocen/ruA, 278 
C^Aioceramtf, 278 
C^AtoeAOcm, 278 
C^AibcAoiufrwj, 276 
Ophioehytru, 278 
C^AiocR^mit, 278 
(^fhioenida, 278 
Ophiocoeta, 277 
C^fhiocoma, 278 
Opkioctmis, 277 
C^toerou, 276 
(ji»Awcrfiw, 276 
OpAiocnntM (Aug.), 179 

— (Cliarlesw.), 146 

— (Salter), 201 

— (Semper), 195 
Opkioctaiy 278 
OpAtocym5tiir/i, 278 
QpAtodmno, 277 
C^u^mm, 276 
^ioglyphOy 278 
OphiogcnOy 277 
C^Ato^ymno, 278 
G^toA^^Kf, 276 
Ophiolebes, 278 
(^ioUpU (Lyman), 278 

— (M. & T.), 278 
QpAtofJiaWitf, 278 
OphiomaUiXy 278 
QpAunnoai, 278 
OpAtomi^ 278 
6^AiofAimt/»?i, 278 
Ophiomycesy 276 
Ophiomyxa, 276 
C^Aumcffto, 278 
Ophunuphthyst 278 
(^hionerei$y 278 
OphiopaqaaU, 278 
C^iopetgre, 275 
C^AM^if, 278 
Ci^iopau, 277 
Ophiopkolif, 278 
C^AtbpAnv<>tK«, 278 
C^tqpAy2;«m, 278 
Ophioplax, 277 
C^ic^i/tn^Ata, 278 
(^Au^oetM, 278 
C^Au^psammwm, 278 
OpAiqpfOa, 278 
C^topffTM, 278 
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Ophicpteron, 278 
C^iopus, 278 
dphiopyren, 277 
Ophu^f^gtUj 277 
(^hiMciasmaf 276 
(^hiottigma, 278 
Ophioteresis, 276 
Q^io^AamniM, 278 
QpAio^eto, 278 
(i)hiotholia, 276 
Q^io^nx, 278 
(^hiotrema, 278 
QpAio^ftNAiM, 278 
QpAuwmo, 278 
C^tKra, 278 

— cUiariM, 262 
OphiwrtUa, 278 
C^Afim'no, 276 
Ophiuroidea, 269 

— diagnosed, 273 
oral aDgle (Ast.), 246 
pUtes (Oph.), 263 

— nerve-ring, 102 

— nervous system, 80 

— papillae, 264 

— ridge (Blast), 82 

— skeleton (Ast.), 241 
orals, 124. See also del- 
toids 

OfhiiremiiUs, 90, 92 
OreuleL, 230 
Ontuter, 264 

orientation of crinoid, 110 
Oriolampat, 821 
Omithaster, 328 
oro-centnd, 14 
OroeyatUt 64 
Oro]^u>ennus, 84, 92 
Ortheehinus, 310 
Orthocidaris, 302 
Orthocrinusy 198 
Ortholqphus, 312 
Orthopna, 808 
oscular orifice, 266 
otoeysts, 32 
OUawacrinuB^ 178 
outer side-plates (Blast), 84 
Onelypnu, 316 
ovoid gland, 28. Bee also 

axial organ 
Oim^cMfor, 821 

PaehyanUdon, 208 
Paehyclypeus, 316 
PaehyerinuSt 203 
Paehyloerinui, 180 
Pttehyoeriwutf 203 
PoidopQlideij 227 
Paiaetuter, 260 
PotoecMtenno, 260 
Palaeasteroidea, 249 



Palae&hinasteridae, 260 
Palaeechinoidea, 299 
PoloefcAtntM, 804 
PalaiobTi8tu»y 822 
Pn^oeoeoma, 264 
Palaeocrinoidea, 139 
PalaeocrinuMt 172 
PaUuocyatU, 64 
PalaeodiseuSf 301 
PeUaeolatnpaSf 321 
Palaeonectria, 260 
Palaeopkiura, 274 
PaUu^meustetj 322 
PaUuoaUUa, 260 
Palaeottoma, 323 
Palaeotropusy 323 
PalasteritetUf 267 
Pakutropeeten, 276 
Pallas, P. S., 218 
PalTfiacyatiSf 73 
palmaria, 204 
Palmipea, 264 
palps (A>t.), 246 
Pannydiia, 229 
papulae, 26, 246, 248 
parabasalia, 99 
Paractiuopoila, 234 
Paradoxechinu8, 812 
Paragonaster^ 253 
ParcUampas, 321 
pararadials, 160 
Pararchastert 251 
ParasoZenio, 313 
Pardpidia, 229 
parietal canal, 9 
Parisocrintis, 173 
Patceolut^ 77 
Patelliocrinus, 162 
patina, 112 
PatirioL, 264 
PatUia, 264 
})axillae, 247 
Peetifuuter, 261 
pectinirhombs, 43, 68 
Pec^tnum, 278 
Pedatae, 226 
pedioellariae, 81 ; (Ast), 

247 ; (Ecb.), 287 
PedicdUuter, 268 
Pedina, 309 
Pedinopais, 318 
Pedinothwia, 310 
Pelagolhwria, 230 
PelaneehinuM, 310 
pellions, 289 
PelmatoEoa, 38 
^ diagnosed, 88 
Pelmatozoic ancestor, 9 
PeUoites, 306 
PeKdulocrinuSf 148 
Pmiagontf 229 



PerUaceroptiSt 264 
Pentaceros, 264 
PeiUacrinut, 182 
PetUactcea, 12 
PetUadula, 18 
PerUadia, 181 
Pentaganasiert 263 
PtntoifoniUtf 203 
pentameres, 99 
PenUphyllumt 90, 98 
PetUremiUs, 86, 92 
Penlremiiidea, 86, 92 
perforate articulation, 109, 

116 
Peribolaster, 266 
Perieomius, 323 
Periechoerinua, 168 
PeriglifptoeriniiSj 161 
perignathic girdle, 289, 

297 
{leri-intestinal cavity, 103 
perioesophageal sinus, 22 
periproct, 286 
PerischocUnnus, 302 

— fflO^niw, 203 
perisoma, 241 
jieristome (Crin.), 97 ; 

(Ech.), 286 
peristomial plates (Oph.), 

264 
Perkruuter, 258 
Perania, 308 
perradii, 19 

Perrier, K, 241, 269, 285 
PertephonasieTt 261 
Peialocrinuty 176 
PelinoerinuM, 208 
Petmsler, 260 
PhaenoschisiMit 84, 92 
Phaneraatery 263 
Phanerozonia, 249 
Phanoffeniat 196 
Pharia, 266 
pharyngeal vesicles, 27 
PhialocrinuM (Eichw.), 203 

— (Trautach.), 181 
PkiUiptoerinu8y 170 
PhUocrintu, 180 
PhifnocrinuSy 162 
/'Aoenteocnnu*, 166 
PKolidasUr, 266 
Pholidoddaris, 806 
PA^yrmosomo, 811 
Phoxaater, 262 
PhyUotniUuty 321 
PhyUodypeuiy 821 
PhyUocrinus, 197 
phyllode, 819 
Phyllophorua, 230 
Phymechinus, 309 
Phyaetocrinus, 170 
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Phytoerittut, 195 
Pictet, F. J^ 40 
PicUticrintu, 182 
PiUus, 816, 820 
PUocffttU, 46 
PinnatA (P. H. Carp.). 140 ; 

(Bather), 191 
pinnuUe, 118 
Pianocrinus^ 166 
Pirocystis, 47 
PiaoerinMa, 149 
Placocyatit^ 51 
Phcodiadema, 809 
plastidogen orgmn, 28 
Platasteriaa, 252 
Platybristus, 822 
Plaiyceras, 157 
PlatycriwiSt 157 
PUUyeyttUy 51 
PUUysphaeriUt, 203 
PlecioMter, 258 
PiesianihuM, 818 
Plesiocidaroida, 805 
PUsiolampas, 821 
PUnrtchinutt 812 
PUurocrinu9j 157 
PUuroqfgtis, 64 
PUurodiadema^ 809 
plexiform gland, 23 
PlictUoeriniu, 158 
Pliny, 218 
Plidcphyma^ 809 
PlumatUr, 259 
P/«toM,6.16; (Oph.),27S 
PltUotuuter, 251 
Pneumophora, 226 
PodaaUrias, 258 
podia. 1. 2 ; (Art.), 248 ; 

(Ech.), 291 
Podocidaria, 808 
Polian vesicles, 27 ; (Ast ), 

248 ; (Ech.), 291 
Polyaaieriaay 258 
Polyeenu, 182 
Polycidaria, 802 
polycyclic spine, 287 
Polycyphuat 810 
Polypdtea, 162 
Polypholia, 278 
PamcUocrinuat 191 
Pomel, A., 284 
Pomocyatia, 72 
PotnoniUa, 72 
PotfUMpAoMio, 72 
Pontaater, 251 
Poranio, 254 
Pomniofnof30Aa, 254 
PoreeUanaaUTt 251 
pore canal, 8 
^ plata, 80 
— rhombs, 42 



pores, ambttlacral (Ech.), 
287 

— of Blastoids, 86 
Poroerinua (BUL), 172 

— (Dittm.), 182 
postpalmaria, 204 
Poteriocrinacea, 171 
Poteriocrinidaa (W. & Sp.), 

171 
PotoribenntM, 180 
P&urtaUaia^ 828 
i^mtoeriitiM, 168 
PrenaaUr, 828 
pre-oral lobe, 4, 8 
primary skeletal elements, 

109 
primazil, 114 
primibrachs, 114 
primitive suture,, 108 
Proe^tvoenmit, 148 
Prognaater, 255 
PremuuAocnwKj; 195 
ProtaaUr, 274 
ProtcuUiucanthiouy 251 
Proteocyatia^ 78 
iVi)teroMa«<iM. 74 
ProteuryaU, 208 , 
Protoblastoidea, 79 
iVotocn'ntM, 74 
ProiocyamtUt 316 
I^rotocyaU'a, 48 
Proubo, H., 245, 285, 288 
proximal (Crin.), 109 
prozimale, 108 
Prnnocyatiat 60 
Prymnadetiuae, 822 
Prymnodesminaa, 828 
PsamiiMe&fnMJ^ 818 
pseudambulacra (Cyst ), 48 ; 

(Blast), 78 
Paeudarehaater, 251 
Paeudaater, 251 
psendhaemal ring, 102 

— system, 25 ; (Ast), 248 ; 
(Ech.), 292 

Paeudoboletia, 818 
Pseudocatopygua, 821 
Paeudocrinuat 62 
PaeudiKucumia, 280 
Pteudodeaorelta, 821 
Paettdodiadema, 809 
pseudo-heart, 23 
pseadomonocyclic, 111 
pseudo-pedicellariae, 247 
Paeudopedina, 809 
PseiMiof^icAopiM, 227 
Pailaaier, 252 
Paolidium, 280 
Pso^M, 280 
PayehrcpoUa, 229 
I Paychrotrtphea, 229 



/1^«rtWMUE, 208 
PUrolocrinua, 159 
PtiUmaaUr, 274 
P^cAoerMMiJ^ 198 
PKpa,5 
Prosier, 258 
/VenooritMCj^ 161 
Pyen/opodaa, 258 
PycfiMMeiis, 187 
iV^osear, 816 
Pygaatridea, 816 
PfyaWiM, 820 
P;y^orAyiusft«i«, 821 
Py^orAy<i% 821 
Pyyoapatangna, 828 
Py/vroitoma, 821 
P^ncs, 321 
pyramids (Ech.), 289 
/yi9MX, 820 

PyroeyaUa, See Piroeyaiia 
Pjfthonaatar, 257 
Pyxidoerinua, 168 

radial canals, 243. See 
also perradial 

— dome-plates, 127 

— facet, 100 

— pseudhaemal canal, 100 

— shields, 264 

— sinus, 84 

— vesicles, 27 

radialia, radials (Crin.), 99, 
204; (Ast). 240; (Ech.), 
294 ; (Oph.), 268 

radianal, 112, 119 

Radiaater, 254 

Radiata.2 

radical cirri, 1C7 

RadioeypkiUf 812 

radix, 99 

rami, 118 

ramnli, 118 

rectal caeca, 248 

recumbent arms, 43, 65 

Regulam (Blast), 91 

Regularia (Grin.), 189 

— Ectobranchii^ 806 

— Endobranchiata, 800 
RemaaUr, 256 
respiratory trees, 27, 222 
Retaater, 257 

rete minbile, 228 
Reteocrinua, 198 
Rhabdoddaria^ 302 
RhabdopUunu, 812 
Rhadinoerinua^ 179 
Rhaphanoonnua^ 200 
Rhegaater,^!^ 
RhiTwbriaatta, 828 
Rhipidaatart 256 
Rhipidocrinva, 201 
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Jthizociittus, 194 
Jihodocalix, 208 
Hhodocrinus, 201 
Rhoikhimii, 804 
Rhombifera, 52 
HJumihifera (BaiT.)i 57 
— wim, 77, 145 
Jihopaloeoma, 257 
i2A(^MiZomii«f«^ 191 
Kkopalodina, 280 
Rhyndwpygus, 321 
JloeiiMrfM^, 255 
llomuies, O. J., 245 
Rondelet, W., 218, 288 
root, 99 
RotKUtefy 258 

roMtto (Crin.), 195 ; (Ech.), 
289 

Roluloidea, 817 
Rooault, M., 45 
RufMt 817 
Rnaao^ A., 261 

SaeeoannOj 154 
SaeeoerinvSf 168 
Bacculi, 187 
Sagenoerinutf 190 
sagittal plane, 20 
Salmaeis, 812 
Salmaeopsi$, 812 
iSo^ta, 806 
Salter, J., 260 
SaUerader, 251 
Sampaonocrinuif 170 
Sarasin, P. k ¥., 82, 285, 

810. 826 
SarteUoy 828 
ScaphiocrinHSf 180 
scapula, 204 
iScAuM^tfr, 828 
JSchixoblastus, 89, 92 
schizoooelic system, 26 
SehiMoerintUf 161 
ScMtoqfsHBf 61 
iScAosnoseer, 250 
iSb^srasterioj, 258 
SderoerinuB, 197 
iSootioermitf, 178 
Seolioqfttis, 60 
Scolocystia, 70 
iStotoMUUMi, 229 
SDoto|i2aiMi^ 229 
scrobicnlar circle^ 287 
scrobicole, 287 
scuta adoralia, 264 
SeuUUa, S17 
scutella oralia, 268 
ScuUUina, 817 
scutum buccals, 264 
Scifphoennns (Hall), 161 



Seyphoerinus (Zenker), 161 
Scytactinota, 218 
ScytcUecrinus, 180 
Scytodermata, 88, 218 
Seba, A., 284 
secondary skeletal elementi^, 

109, 204 
— radials, 204 
secundibrachs, 114 
segmental apertures, 256 
Selenka, E., 218, 226 
Semi-Articulata, 188 
Semon, R, 12, 18, 218 
Semper, K., 218 
sensory buds, 81 
sessile pedicellariae, 247 
Shumardocrinus, 208 
side-plates, 82 
Sigabeioy 276 
Simroth, H., 261 
SipfumocrimiSj 199 
Sismonditif 817 
SUularia, 185 
Sladen, W. P., 14, 240, 

251, 259, 261, 325 
Smiiagterias, 258 

Solacrintis, 208 

Solanocrintu^ 195 

Solaster, 256 

Spaiagoeystis^ 824 

SpcUangomorj^uif 828 

Spatangtis, 828 

Sphaenuter, 254 

Sphfurtchinut, 318 

sphaeridia, 82 

Sphaerites (Qnenst), 19, 
254 

Sphaeroerinua (M. k W.), 
167 

— (Roem.), 173 

Sphaeroq/stia, 68 

SphaaroniSy 71 

SphaerothurtOj 280 

SpkenoeriHus, 208 

spines (Ech.), 285, 287 

Spinigrada, 260 

spiracnla, spiracles (Blast), 
84 ; (Ast), 256 

spongy organ, 27, 102 

Sporusteriaa^^ 258 

Springer, F. See Wachs- 
muth 

Spiffidiocrinuat 168 

Statozoa, 88 

Stawrocysti^t 61 

Staurosomaf 57 

SteganobUutui, 209 

St^noerinut, 170 

SUgatUr, 821 

i8t«)0iiias^, 254 

Steinmann, G., 40 



Stelidiocrinus, 161 
Stdia, 260 
Slellaejissae, 240 
Stdlaater, 253 
Stelleroidea, 237 
— diagnosed, 239 
stem, 48, 99, 105, 132. 

See also colunma 
StemmatoenH%i9f 181 
Stenaster, 251 
Stenoerinus, 146 
S^efumto, 821 
Stephanaster, 258 
iSlt^iAanomniM^ 96, 145 
SUratter, 257 
SlereocidariSt 802 
SIfereomnttf, 164 
stereom, 28 
Stemata, 821 
SUmotaxis, 821 
nt^miira (Ech.), 818 
Stewart, C, 285 
Stewart's organs, 803 
Stichtuler, 255 
Stidwq/aiis, 55 
Siichop\i9, 227 
Stigmatopyfpts, 321 
.SI{»r0cA»nM«, 818 
stomach (Ast), 248 
Stomatocrinoidea, 189 
Slomeehinits, 809 
Stomopneiutes, 318 
.SItoifu>poru«, 323 
stone -canal, 8; (Ast), 

243 ; (Ech.), 291 
Siortingoerinusy 152 
StrtptaaUTy 208 
iS^rcptomntM, 179 
Streptophiurae, 274 
streptospondyline, 271 
Stribalocyatia, 67 
Strobilocygtis, 68 
Stromaioeyttit, 207 
StrongyloeerUrotiiSy 318 
iStrqpAomnuj^ 172 
StrotoerinuSf 170 
^tM2ma,d21 
Stiirtz, B., 250, 260 
Aurteuni, 274 
Stylocrinus, 152 
AynMOsesr, 251 
subanale, 204 
subepithelial nervous sys 

tem, 80 
sub-lancet, 85 
suboralia, 141 
subradiale, 204 
subimdialia, 204 
subtegumentary cavity, 108 
subtentacular canals, 100 
superbasals, 159 
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•nper-radial, 112 
supplementary plates, 109, 

204 
supra-marginaUi, 246 
suranal, 294 
sutures, 108 
Bycocrinm^ 203 
&ycoc\f9tia^ 60 
SywJMhocrinuM^ 152 
Sjpnphytoerinust 197 
a^nallaUeB, 227 
SynaptOy 234 
9ynerocrin%Ut 190 
sysgnatbs, 268 
SynyphocrinuB^ 180 
Syringoerinut, 48, 203 

»y«ygy» io8, 117 

tables (Hoi.). 223 
TiieniasUTf 251 
roefitum, 274 
Talarocrintu, 159 
TancLoerinus, 165 
TVirsosf^r, 255 
Taxoorinw, 189 
Tec^noerinta, 163 
tegmen, 99, 129 
TUsiocrintM, 170 
TemnechinuM, 812 
refnnocuiant, 802 
TemnopftfufM^, 812 
tentacles (Hoi), 224 
terminal tentacle, 81 
teiminaU (Ech.), 294 
terUbracha, 114 
Tesselato (Zittel), 189 
TessellaU (Mullar), 139 
test (Ech.), 285 
Testaoea, 138 
Tetanoerinus, 197 
TethyaaUr, 251 
Tetraeidaris, 803 
Tetracrimis (Austin), 203 
— (Miiniit.), 163 
Tetract%8, 240 
Tetramerocriniu (Austin), 

204 
Tetratter, 250 
TfuUamocrinuBj 204 
ThaUoerinut, 156 
ThaumatoerinuSf 196 
theca, 99 
Thseocyttit, 207 
Thecoidea, 205 
Th^l, H., 15, 218, 226 
Theeiia, 280 
Thsyaster, 317 
ThenaroorinuB, 179 



Thiolliericrinuif 195 
ThoUuter, 821 
rAorocoster, 251 
Thylaeoerinus, 200 
Thyl4chintUt 310 
Thyone, 230 
Thyroida, 205 
Thy$anocrinus, 198 
TVamm^iiM, 57 
TVarecAtnitf, 305 
Tiedemann, F., 218, 240, 

284 
Tiedemann's bodies, 27, 

248 
ronia, 255 
Tormoerinu9f 197 
romorui, 5 
torus angularis, 264 
Torynoerinusy 197 
ToxBuUr, 822 
rosopfi^iMfeA, 813 
TVattmotocrtiiKJ, 182 
Trautschold, H., 130 
TremasUrt 254 
TremaiatUr, 275 
TVeiyuitocriAUf, 201 
rrsmotoeys^ts, 72 
Trematopygiu, 820 
IViamnta, 149 
DrianiMitei, 204 
tribrachialia, 204 
IVt5raeAu)ennu«, 181 
Trickaater, 276 
2WeAaj<mgMM, 250 
TriehocrintUt 149 
TVieAotoj^, 259 
TVtcoe^ocrinus, 87, 92 
trifasdal arUculation, 117 
TiiffOHoeidaria, 312 
Triyonoerinuif 197 
TVt^onix^sfif^ 50 
TrinemacyttiSt 58 
Triplaeidia, 810 
7Wptoncniti», 204 
Tnpnetutest 318 
Tritactis, 240 
trivium, 11 ; (Hoi.), 220 ; 

(Ech.), 296 
2VocAtta, 204 
TrochocrinuSf 168 
TrochocyttiSy 50 
2VocAo(2erma, 234 
TrochodotOy 284 
TVocAoftoma, 283 
Trooetoblastida, 92 
TVooftoerinta, 86, 92 
Tropidaatert 255 
Troschel, F. H., 240, 260 



TryUiocrinua, 168 
TuberasUr, 828 
tubercles (Ech.), 286 
rurftinocriniM, 161 
Tyloiter, 254 • 
Tylocidaru, 302 
TypocidariSy 302 

C^tntomni», 183 
Ulocrinua, 181 
umbo (Ech.), 262 
umbonal socket, 263 
under lancet-plate, 85 
Uniophora^ 258 
untsoial arms, 115 
Uperoerinuty 168 
UraaUnUa, 251 
C^TVe^intM, 321 

Valentin, Q., 284 
VaZvoMter, 258 
FosomntM, 179 
▼ault, 128 
ventral sac, 27 

— shield, 262 
yertebral ossicle (Oph.), 262 
▼estibnle, 11 

Viguier, C, 240, 247 
Vletevicrinua, 204 
Volborth, A., 58 
Vologesia, S2l 

Wachsmuth, C, 189 
Wachsmuth k Springer, 

114, 189, 171 
Wachsmuth k Springer's 

Uw, 106 
Walther, J., 49 
water - vascular system 

(Ast),248;(Oph.X272; 

(Ech.), 290 
Woodocrinut, 180 

Xenaatert 250 
Xenocrinua (Jahn), 204 

— (S. A. MUler), 165 

Zeaerinua, 180 
Zenkericrinuaj 161, 204 
Zeuglcpleurua, ^2 
zigzag arms, 115 
Zittel, K. A. v.. 40. 189, 171 
ZophocrinuSy 151 
Zoroaater, 255 
Zygoerinua, 91, 93 
Zygophiurae, 277 
Zygospondyline, 271 
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